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^ . , Attorr^^Docket-No. OTO6U/OO9OOI 

FIELD ^ 

Tlie present mvention relates to aovel clot specific streptoldiiflse proteins ppss©3iiQg altered 
plasminogen characteristics. The invention finther relates to a process for the prerparation of • 
the said proteins. The streptokinases so pifoduced have properties of enhanced fibrin 
selectivity as well as kinetics of plasminogen activation that are distinct from: that of aatui^ 
streptokinase in being characterized by a temporary delay, or lag, of several miriiites in the 
initial rate of the catalytic conversion of plasminogen to plasmin (a process termed hereafter 
as *TG activation"). 

The advantage of this invention lies in the presence of these two properties in these cl^imBric — 
(or hybrid) jjroteins together i.e. fibrin affinity tmd an initial lag in plasndnogen activation. In 
other words, the hybrid protein molecules disclosed in this invention are both; fibtiin sjjecific 
and display **delayed-action" thrombolysis. This confers on these novel proteias the ability to 
bind tightly with fibrin, the proteinaceous substance of blood clots soon bS^X their 
introduction into the vascular system withoirt significantly activating the cti^ulatrng blood 
plasminogen to plasmin, thus aiding in the localization of the PG activatiori process to ttie: 
site of the pathological thrombus. Thus, once the PG activation lag is overcoriae within a few 
minutes' of the exposure of the hybrid proteins to plasminogen, they can easiJy activate the 
plasminogen in the iimnediate vicinity of the thrombus in a manner essentially stn^ilar to that 
of natural i,e. unmodified streptokinase^ thereby obviating the systemic • PG • activation 
frequently encoxjntered during clinical use of streptokinase. These ne^y hybrid proteins can 
therefore be used to advantage for thrombolytic therapy for various kinds of cardiovaiscular 
disorders, 

BACKGROUND 

In recent years, thrombolytic therapy with fibrinolytic agents, such as Streirtpkinasc (SK), 
tissue plasminogen activator (TP A) or urokinase (UK) has revolutionized thie clinieal 
management of diverse circulatory diseases e,g,, deep-vein thrombosis^ pulmonary enribolisai" 
and myocardial infarction. These agents exert their fibrinolytic effects through activation of 
plasminogen (PG) in the circulation by cleavage of the scissile peptide bond bfetween 
residues 561 and 562 in PG. As a result, the inactive zymogen is Ininsfonned to its! active 
form, the serine protease, plasmin (PN)> which then acts on fibrin to degrade the latter into 
soluble degradation products. It may be mentioned here that PN, by itself, is iiicapable of 
activating PG to PN; this reaction is catalyzed by highly specific proteases like TPA, the SK- 
plasminogen complex, and UK. all of which possess an unusually narrow protein substrate 
preferance, namely a propensity to cleave the scissile peptide bond in PG* However, unlil^ 
UK and TPA. SK has no proteolytic activity of its own, and it activates PG to PN indirectly 
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by first fanmng a higjllUity eqirimolar complex with PG, knov^^^e activator eomplex 
(reviewed in CasteUino, F J., 1981, Chem. Rev, 81 : 43 1). 

Of the several thrombolytic agents used clinically, SK is probably one of the most-often 
employed, particularly because of its markedly lower cost ^en conq^^red to TPA and UK. 
However, the choice of thrombolytic agent during therapy is dictated by a number of factors 
besides cost, such as the presence of side-effects and their severity, in viva metabolic 
survival of the drug (e.g., circulatory clearance rates), fibrin selectivity and/or affinity, 
immimological reactivity etc. SK is a highly potent PG activator, an4 has a relatively long 
plasma half-life - properties that, together, impart a certain advantage lo this drug as 
compared to its counterparts viz,, TPA and UK, However, due to a lack of any : appreciable 
fibrin clot-specificity in the former, the administration of therapeutically effective doses of 
SK often results in systemic PG activation» resulting in hemorrhagic complications diie-to the 
proteolytic degradation of blood factors by the plasmin generated throughout the circulatory 
system^ However^, if a fibrin a£Bnity and/or selectivity could be integrated into SK, a 
molecule vAich otherwise possesses little fibrin affinity of its oivn^ it would considerably 
enhance the therapeutic efficacy of this thrombolytic agent. With respect to the other coveted 
trait in a fibrinolytic agent, such as that described above for TPA above (viz., considerably 
lowered activity while circulating in the vascular system but enhanced PG activatijig. ability 
in the presence of fibrin), attempts have been made in the past to produce analogs of SK with 
greater circulatory half-lives and decreased systemic plasmin generation by incorporating 
properties such as a slower rate of PG activation into the fibrinolytic agent Ctae example 
A^ere this has been successfully accomplished is that of anisoylafed streptokthiase. plasmin 
activator complex, abbreviated APSAC (sold under the trade-name 'Erainase'. by the Beecham 
pharmaceutical group) (reference: Smith, ILA.G., Dupe, R,J,, £ag|ish, P.O., andGreen, 
J., 1981, Nature 290:505) in which the catalytioally important serine r^due of the plasmin 
component is blocked by reversible acylation. The generalized plasmin activation cointident 
with the administration of unmodified SK has been reported to be a^eciably dimi^iisbed 
during thrombolytic therapy with APSAC since the deacylation of the covalentty modified 
serine in the SK-acylated plasmin complex occurs slowly in the vascular system. 

It is thus generally recognised that it will be of significant clinical advantage if SK coiild be 
engineered to possess increased fibrin affinity/specificity together with a maikfedly slower 
initial rate of activation of PG. Thus, soon after injection into the body, whilst it is still in an 
inactive or partially active state, such a modified PG activator will bfeid to the pathological 
fibrin clot during its initial sojourn through the vascular system in an inactive/partially active 
state. However, after an initial lag (a property engineered into the derivative/aniatlog tlixough 
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desigB) it will become^iy activated after being sequestered to ti^^^^ clot by virtue of its 
fibrin afOnity. Thus, the PG activation prdoess vwll be relatively limited td the immediate 
vicinity of the clot, thus obviating the systemic PG activation coincident with niiluria] SK 
administration which has no intrinsic fibrin affinity of its own and which activates PG as soon 
as it encounters it. In other words, whilst the fonniBr propeily in the novel prbtein/s would be 
expected to confer on the thrombolytic agent an ability to target itself to the immediate locale 
of the pathological clot and thus help build up therapeutically effective concentrations of the 
activator therein, the initially slow kinetics of PG activation would result - in an overall 
diminished generation of free plasmin in the circulation. The net result shall be . a continued 
and more efiBcient fibrinolysis at the target sustained by considerably lowered theirapeutically 
effective dosages of the thrombolytic agent. 

In the past^ the gene encoding for SK has been isolated from its. natural source 
(Streptococcus species) and cloned into several heterologous micro^organismi^ sucii as yeast 
(Hagenson, M,J., Holden, K,A., Parker, KA.^, Wood,PJ., Cruise, Fuke- M,> Hopkins, 
T.R., Stroman, D,W.,1989, Enzyme, Microb.Technol 11:650), bactetia viz., E. cali (Maike, 
H, Ferretti, JJ,, 1984, Froc. Natl Acad. Sci, 81: 3557), alternate species of Sireptocdceus 
(Malke, H., Gerlach, D., Kohler, W., Ferretti, JJ.. 1984, MolGeh.Gen^t 196:360 and 
Bacillus (Wong, SX., Ye, R.., Nathoo S„1994, Applied and Env. Microbiol. 1:517). fn 
addition, genetically modified SK derivatives contaioing "Kringle" = type fibrin binding 
domains derived from plasminogen, and methods of obtaining the same by fDNA 
techniques^ have been described (EU 0397 366 Al). However, since five: such Kringle 
regions are already present in the natural SK-PG activator complex, being an integral pan of 
PG in the activator complex, the advantages gained from further additioti of such domains 
are likely to be minimal. Hence, there is a need to impart a qualitatively different fibrin- 
affinity and/or specificity to the activator complex, particxilarly of a type associated with 
TPA, a very effective thrombolytic agent possessing much greater fibrin affinity than SK. 
TPA is known to contain a fibrin-associating "finger" domain, v^aich is structurally and 
functionally very similar to the fibrin*'binding domains present in fibronectin, a multi- 
functional protein with ability to interact with a number of other proteins besides fibrin e.g., 
collagen, heparin, actin etc (reviewed in Ruoslahti, E., 1988, Ann, Rev. Aiochem, 57:375). 
Methods for the imaging of fibrin-containing substances, swh as pathological clots and/or 
atherosclerotic plaques in vivo by using large, radio-labeled polypeptides : derived from 
fibronectin, and bearing these FBDs (fibrin binding domains) have been disclosed (see: PCI' 
WO 91/17765); this patent also discloses chemically cross-Utiked FBD-cohtaining 
polypeptides and a thrombolytic agent (SK) to effect thrombus-targeted fibrinolysis. The 
chemical cross^linking procedure resulted in the generation of a complex, mixture of 
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heterogenously cross-tffed molecules with variable FBD ^^^^ content, since the 
bifunctional agents used for chemical cross-linking essentially cross-liiik any of th^ large 
number of lysine side-chains present in the participating moleculcss viz. SK and HPG. Thus, 
this procedure generates mixtures of molecules with undefined lockiion of the cross-links 
between the molecules e.g. bolii dimers and multiiners with both homo- (e.g., SK-SK or 
FBD-FBD types) and hetero-crosslinked molecules with varying sites of cirbKJ^inks are 
expected to be formed. In addition, it is noteworthy that the SK raplecules chemically Crc^- 
linked with fibrin binding polypeptides disclosed in this patent showed an bverall leVel of 
PG activator activity essentially comparable to that of unmodified SK, and no aitetAtipn was 
observed in the rate of PG activation, or the presence of an initial lag in the PG activation 
kinetics. It is quite clear that this invention related to the preparation of a heterogeneous 
population of cross-linked molecules with structures essentially undbfined v^th respect to the 
cross-links' locations, and without any cross-correlation between the different structures in 
the ensemble of molecules and their corresponding functional properties. This is a; serious 
limitation in the description of a drug intended for therapeutic application, in genera] » and 
with respect to the exact nature of the structure-fimction correlation in. the collection of the 
cross-linked molecules^ in particular. 

In the past, hybrid SK derivatives with "kringle" type fibrin biiiding dtHnain^ djmvbd to 

\j human plasminfogen) fused to the former, and methods of obtaining the same iby rDNA 

= 3 techniques, have been described (EU 0397 366 Al and US 5187098). However, : five such 

' " Kringle regions are already present in the natural SK-Plasnun(Qgen) activator complex^ as 

U noted before, being an integral part of PG in the activator complex, which ha$ a weak fibrin 

aflBnity at best (Fears, R., 1989,, Biochem. J. 261: 313). Henco, there is a need to impart a 

qualitatively different fibrin-afBnity and/or specificity to the actiyatdr complex and titifi^e 

: J the affinity so imparted to obtain SK derivatives that display functional characteris^cs that 

=1 \ . ' 

=^ help avoid the immediate activation of plasminogen upon contact with the latter. 

Certain proteins are known to contain fibrin-associating "finger" , domain/s, such as those 
present in fibronectin^ a multi-functional protein with ability to interact with a number of 
other proteins besides fibrin e.g., collagen, heparin^ actin etc (reviewed in; RuQsIahti, G., 
1988, Ann, Rev. Biochem. 57:375). TPA also possesses a ''fmg0r" type fibrin binding domain 
(FBD) that greatly helps in its fibrin association (Verheijen, J.H. et al., 1986., EMSO X vol 
5, pp. 3525), Metiiods for the imaging of fibrin-containing substances, such pathological 
clots and/or atherosclerotic plaques in vivo by using large radio-labieled polypeptides derived 
fi:om fibronectin, and bearing these FBDs have been disclosed (see; PCT WO 91/17765); this 
patent also discloses chemically cross-linked FBD-containing polypeptides and a 
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thrombolytic agent (slj^^ effect thrombus^targeted fibrinolysis-^^ver, iiis noteworthy 
that the SK molecules chemically cross-linked with fibrin binding polypcrjptides showed an 
overall level o/PG activator activity essMtially comparable to that of immqSfied SK and 
no alteration was observed in the rate ofPG activation or the pres^ee ofan imiial lag in 
the PG activation kinetics. Besides, the cross-Unking procedure resulted in tiie generation of 
a complex mixture of heterogenously cross-linked molecules with variable FBD and SK 
content, since the bifimctional agents essentially cross-linked any of the large nuiqabpr of 
lysine side-chains present in the participating molecules viz. SK and HPG likely generating 
botib dimers and multiroers with both homo- (e.g., SK-SK or FBD-FBD types) and Jietero- 
crossUnked molecules, Moreover, this invention essentially disclosed the preparation of a 
heterogeneous population of chimeric molecules between SK and fibrin bindijig polypeptide 
with undefined covalent structures with respect to the sites of cross-linking as well as types of 
polymers so formed i.e. whether homo- (SK-SK or FBD-FBD types) or hetero^^types* so that 
any meaningful structure-functional cross-correlation between the different in the 

ensemble and their corresponding functional properties caimot be ob^ne<L This is avserions 
limitation in a drug intended for therapeutic application partitularly one ^ admimstered 
through a parenteral route in human beings. 

In contrast, the present invention provides novel clot-specific strctptbld^oase proteins 
possessing altered plasminogen activation characteristics and a process for &e preparation of 
different types of said proteins by recombinant DNA technology which have been designed 
using precisely defined elements of DNA polynucleotides that encode for fibrin binding 
domains and SK, or their modified fonns. The hybrid proteins so formeid thus have tivo very 
important structural as well as functional elements, namely SK or its modified forms, and 
'finger' type fibrin binding domain/s attached to each other through covalent peptide bonds in 
a predefined and predetermined order of jvDCtappsition with respect to each other (see Fig. 1 
for types of such constructs, and the rationale for their constnietion,which is pipvidfed below) 
so that the hybrid, or chimeric, proteins so produced after expression in a suitable system 
possess discrete, definable covalent structures. In other words, the novel hybrid proteins 
contain SK or functionally relevant parts thereof, connected through polypeptide lihkage/s 
with the relevant protein domains of human fibronectin that are cap^le of indepehdentiy 
conferring fibrin aflEiiiity to the resulatant hybrids in such a maimer that the hybrid pjrotein/s 
specifically display altered plasminogen activation characteristics* The latter is tnarked by 
the presence of an initial period of lag of several minutes' dwation iti the rate of PG 
activation by the hybrid SK derivatives (viz., time-delayed PG activation), which is followed 
by high rates of PG activation akin to tiiat displayed by unmodified SK. In other woixis, the 
duration of the initial lag, which varies depending on the type of hybrid construct^ is rapidly 
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followed by PG activaife rates closely similar to that of natural tj^^^. The sinmhaneous 
presence of ihe afore-mentioned two distinct biochemical properties in the same ^lot^ 
dissolver protein molecule renders these hybrid streptokinases as very useftil dru^ for 
targeted, time-delayed clot lysis dwing thrombolytic therapy. 

The biologically active form of Streptokinase (SK) is either the SK-rplasiminogen or SK- 
plasmin molecule/s, formed in the circulatoiy system by the association of SK with 
endogenous plasminogen soon afier its administration in vivo. This complex is also known ns 
the activator complex^ a highly specific protease that activates substrate molecules of 
plasminogen to plasmin, wWch proteolytically digests fibrin and helps restore blood 
circulation in occluded vessels (Castellino, CJ., 198L, Chem. Rev. 81:431). Unlike free SK, 
which does not possess fibrin affinity, this complex already possesses substantial fibrin 
affinity of its own due to the "kringle" fibrin binding domains present in the pta5fnih(ogien) 
part of the SK-plasmin(ogen) activator complex (Fears R., 1989., BiocHem, J, 261: 3135 see 
also references cited therein). Nevertheless, unlike other preferred plasminogen activator 
protein drugs such as tissue plasminogen activator (TPA) which possesses intrinsic fibrin 
affinity as well as a fibrin-dependent plasminogen activation kinetics, the aidministratian of 
SK during clot dissolution therapy often leads to mwanted systemic activation of 
plasminogen throughout the circulatory system due to immediate activation of circulating 
plasminogen, as opposed to the desired activation in and around the fibrin clot occluding the 
flow of blood through the affected vessel/s. 

Thus» it will be of significant clinical advantage if SK could be engineered to possess 
increased fibrin affinity/specificity together with a markedly slower initial race of activation 
of plasminogen (PG), but becoming capable of activating plasminogen in a manner similar 
to that of unmodified SK after an initial hiatus. Thus, soon after injection into the body, 
v^^iilst it is still in an inactive or partially active state, the engineered SK will bind to the 
pathological fibrin clot while still in an inactive or partially active state, as it sojourns throu^ 
the vascular system by virtue of the engineered fibrin affinity. However, after the initial lag 
in its PG activation kinetics is overcome in a few minutes, it wiU preferentially become 
activated in the immediate vicinity of the clot wiiere it is now sequestered, thereby obviating 
or significantly minimizing the systemic PG activation coincrdmt with natural SK 
administration which immediately activates PG upon administration. Thus, whilst the former 
property (of fibrin affinity) would be expected to confer on the new thrombolytic agent an 
ability to target itself to the immediate locale of the pathological clot and thu$ help bqild up 
therapeutically effective concentrations of the activator therein, the other property (of an 
initially slow kinetics of PG activation) would remilt in an ovemll dimini^ed generation of 
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firee plasxnin in the tUlLation. The net result shall be a coi^^^ and more eMcient 
fibrinolysis at the target sustained by considerably lowered therapeutically effective dosages 
of the thrombolytic agent. In conclusion, a fibrin affinity per se in SK has little. .^enfificta] 
consequences (which anyway the SK-PG complex possesses in some measure) unless the 
systemic PG activation is thwarted and/or delayed. 

An important attribute of the present invention is the preparation 6f dlfferenl types of novel 
and hitherto undisclosed chimeric SK derivatives prodxiced by recombinant DNA technology 
using defined gene-segments of SK and FBD combined in a pre^signed manner. Hiese 
novel genetic constructs have been designed using precisely defined DNA elements that 
encode for SK and fibrin binding domains, or their modified forms so as to retain the 
fimctional characteristic of each (PG activation and fibrin affinity, respectively) as well as a 
characteristically altered PG activation kinetics. The chimeric proteins So pmduced have 
two types of elements (SK and the 'finger'-type fibrin binding doniains, or their modified 
forms) in a predefined and predetermined order of juxtaposition with respect to each other, 
so that the chimeric proteins expressed from these genes possess discrete^ definable coyalent 
structures. In other words^ the chimeric proteins contain SK or parts thereof, conoected 
through polypeptide linkage witli the relevant protein domains that confer fibrin iafiinity to 
the resultant hybrids and also specifically result in altered kinetics of PG activation. The 
latter is characterized by an initial lag, or absence of PG activation, of several n^iAUtes' 
duration (viz., time-delayed PG activation)^ followed by high rates of PG activation akin to 
that of uimiodified SK. The initial lag (which varies fi'om approx. 8 min to 2S min 
^ depending on the design of the SK derivative) is rapidly followed by hi^ rates of PG 

y activation closely similar to that displayed by natural type SK, The simititaneous presence of 

the afore-mentioned two biochemical properties in the same PG activator molecixle has not 
been disclosed in the SK-derived molecules in either of the patent disclosures cited above. 
In addition, the present patent discloses new combinations of DNA sequences that have 
been used to express the novel protein molecules with a unique comibination of .fimctional 
properties, mentioned above, which are not disclosed in the other patents. 

The rationale for the construction of hybrid SK derivatives as disclosed in the process of die 
present invention with both fibrin specificity and delayed PG activation kinedcs is: Explained 
below. 

The molecular basis for the fibrin affinity displayed by fibronectia has been studied in some 
detail in recent years (Matsuka, Y.V,, Medved» L.V., Brew., S.A. and Inghamv K.G., 1994. J] 
Biol Chem. 269:9539). Under physiological conditions, FN first interacts rcversibly (but 



7 



22-DEC-1999 17 = 58 FROM KUMPlRflN 8. SPGfiR 



TO 0016175428906 



P. 11 



with relatively high a^(^) wilh fibrin and is then covalently i^^^rated into Iho fibrm 
clot matrix through clotting factor Xm, a transglutaminase (reviewed ini Ruoslahti, E., 1988, 
Am. Rev, Biochem- 57:375), whose action results in the covalent cross4idking between FN 
and a lys residue in fibrin(ogen) at the reactive Gin (residue 3) of tie: former. The rcgion/s 
responsible for the interaction of FN with fibrin have been identified tb reiside both in the N- 
temunal as well as the C-tenninal ends of this multi-domain protein. The N-rterroijaffil region 
of FN comprises of five finger modules (FBDs) as well as a transglutaminiase cross-liftkiiig 
(TG) site, whereas the C-terminal region, lacking a TG site, contains three modules, as 
demonstrated by the binding of dififeent polypeptides derived from FN jcaitying thfcse two 
broad regions to fibrin-agarose. The exact domains in the N-terminal regton respoiisibte for 
the strong binding of the FN module, and their relative contributions toWiwis this interaction 
have been analysed closely (Matsuka, Y.V., Medved, L.V„ Brew, SA. and Ingham, K.C., 
1994, J, Biol Chem. 269:9539 and Rostagno et al., 1994; J. Biol Chem. 269: 3193S) by 
expressing DNA segments encoding various combinations of the modules, in heterologous 
cells and/or by examining the fibrin binding properties of polypeptide fragments carrying 
these modules prepared by limited proteolysis of FN. These studies clearly identified that of 
all the individual modules present in the N^erminal region of FN, . the bi-modular 
arrangement viz., FBD 4 and 5 domains, displayed a fibrin affinity sigflificantly conipairabic 
to the interaction of the fUU-length FN molecule, in contrast to all the othor domains eithcj^ as 
pairs or individually (including 4 and 5) which displayed poor affinity nt 37 It is 
therefore clear fiom these studies that physiologically effective fibrin binding is not a 
common property of all the modules, either individually or in pairs, but is principally located 
in the FBD pair of 4 and S, and to a relatively lesser extent, in domains 1 4rid 2. 

To achieve the fimctional objective of an initially time-delayed PG actiyoidop kinetics by the 
hybrid SK derivatives, our design utilises the fusion of selected regibns of the FBps of 
human fibronectin or its homologous sequences present in other prbieios wiifa SK (or its 
partially truncated forms) at strategically uiseful points so as to kineticaUy hinder the initial 
interaction of SK with PG necessary to form the 1:1 stoichiometric activator complex; It is 
known that of the 414 residues constituting native SK, only the first 1 5 residues and the last 
31 residues are expendable, with the resultant truncated polypeptide being nearly as active as 
the native fiilHength protein in terms of PG activation ability (Jackson, K.W,, and Tang, J. 
(1982) Biochemistry 21:6620). Further truncation at either end results In drastic decrease in 
the activity associated with the molecule (Malke, H.. Roe, B., and Ferretti, J J. (1987) In: 
Streptococcal Genetics, Ferretti, J.J., and Ciirris, R. HI [Ed.JProc, American Society for 
Microbiology., Wash. D.C. p. 143 ). It has been demonstrated that SK interacts with PG 
through at least two major loci, mapped between residues 16-51 and 23Q«290 (Nihalani, D,, 
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Raghava, G.P.S., an*^|ihni, G., 1997, Prot Sci 6:1284 ), and pi^j^y also the region md 
around residues 331-332 (Lin, F.L., Oeun. S., Houng, A., and Reed, G it., 1996, StcK:hemi;»&y 
35:16879); in addition, the sequences at the C-terminal ends, especially before the last 30-32 
residues of the native sequence (Kim, I.C., Kim, J.S., Lee, S,H., arid Byiin, S.M,, 1996, 
Biochem. MoL Bio. Int. 40:939. Lee, S.H., Jeong, ST., Kim, LC, and Byun, S.M,, 1997, 
Biochem. Mol Bio, Int. 41:199. Fay, Bokka, L.V,, 1998, Thromb, Hdemost. 79;985 ) 

are important in generating the activator activity associated with the complex* Since a 
primary consideration in designing the SK-FBD chimeras wag the the etigineering of a 
decreased, or kinetically slowed, initial PG activation rate, we reasoned thaA either the C- or 
N-termini (or both, together) could be utilized to bear the FBDs iti the b>4>rid $truc^ure&» and 
that the presence of such 'e?ctra' domains in SK, either full-length or already truiicted tso the 
most functionally relevant regions of human fihronectin that can independently hind fibrin 
under physiological conditions (detailed earlier^ and would also suitably retard iand/or delay 
the PG activation rates observed normally with native SK and PG by interfering in tiie 
interactions of SK with PG to generate a functional activator complex^ If the polypeptide in 
between these two distinct parts constituting the chimera Were sufiBciently flexible, 
proteolytic scission in this region would then result in the removal of the retarding/inhibiting 
portion (FBD component) from the SK-FBD hybrid and lead to a burst: of PG activation after 
an initial delay* This proteolysis could be mediated by the small amounts of ^endogenous 
plasmin generated in the vicinity of the pathological clot by intrinsic plasminogen activator/s 
of the system, such as TPA, wokinase etc already present in the circulatory system. Indeed, 
this premise was borne out by experimentation, which showed th^ the lag times of PG 
activation by the SK-FBD chimeras disclosed in this invention were directly governed by 
plasmin-mediated proteolysis of the hybrid proteins loading to the liberation of the FBD 
portion from the SK-FBD followed by rapid PG activation by the SK: The direct impHcatioh 
of this functional property in a plasminogen activator is that once injected into the body, the 
protein could then traverse in an inactive state through the circulatory system and bind to the 
pathological clot by virtue of the fibrin affinity imparted by the fibrin binding domains 
thereby obviating or minimizing sytemic PG activation. Thus, if the thrombolytic agent 
traverses the circulation prior to this activation (which is known to require 3-5 minutes in the 
human circulation), the fibrin affinity in the chimera would allow it: to bind to the clot, 
thereby helping to localize the PG activation in and around the immediate vicinity of the 
thrombus* 

The amino acid sequence of human FN is known to be composed of three typeis of 
homologous repeats (termed type-1, type'2 and type-3), of which the FBDs at the amino 
terminus of FN are made of five type-1 repeats, each approximately SO. residues lorig and 
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containing two disulfii^Jridges. The C-termimis of FN also h^^^e type-2 homology 
repeats that are involved in fibrin*FN interactions. Therefore, altogett^er, a large portion of 
the FN moleciile, representing the several N- and C-terminally located! FBDs, could be 
linked with SK if all of the fibrin interacting regions need to be incioirporated into the 
contemplated SK-FBD chimeras. However, such a design produces a chimeric protein that 
is not only too bulky, but also decreases the probability for the polypeptide to fold itito a 
biologically active conformation due to the presence of a large number of S^S bridges that 
may form non-native, intra- and inter-molecular disulfide bonds. Instead, a potentially more 
worthwhile proposition is to seek miniaturised but, nevertheless, functionally a^tiye 
combinations of selectively truncated regions of SK and/or FBDs. 

OBJECTS 

The main objective of the invention is to provide a novel chimeric, streptokiitaise-based 
plasminogen activator protein molecule with advantageous characteristics of improved fibrin 
affinity and plasminogen activation kinetics characterized by an initial lag of several minutes' 
duration (5 to 30 minutes) prior to attainment of full-blown capability of PG activation. 

Another object is to provide a system for the production of the hybrid polypejitides, which 
includes DNA segments/polynucleotide blocks encoding the polypeptides, plasanids 
containing these genetic elements capable of their expression into protein, as well as 
microorganisms transformed with these plasmids. 

Yet another object is to design a process for the production of the hybrid pliasininogen 
activator protein molecules in pure and biologically active form for clinical and rtisearch 
applications. 

Another objefct is to provide an improved process for the intraceUiilar prodtiction of idrge 
quantities of SK, or its modified forms, in E, coli using an altered DNA polynucledtido, and 
obtain these in a pure and biologically active form* 

A fiirhter object is to provide pharmaceutical compositions comprising novel chimeric 
streptokinase-based plasminogen activators of the invention and phantiaceiLtically accep^ble 
carriers, 

SUMMARY 

The invention provides hybrid plasminogen activator comprisizig a pdlypeptide bond' union 
between streptokixiase (SK), or modified form^ of SK, or suitable parts tliereof, which are 
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capable of plasmino JUpG) activation, with fibrin binding re jj^Lf hutnian fibronectiii 
selected from tbe pair of fibrin binding domains 4 and 5, or domains 1 and 2^ or modified 
forms thereof, to achieve various motifs for joining ihe fibrin binding doroaij^ >Xdth 
streptokinase or its modified forms, so that the hybrid plasminogen aqtivatar possesses the 
ability to bind with fibrin independently and also chaxacleristicaUy retains a plaOTxinogen 
activation ability \v*dch becomes evident only after a pronoimced duration, or lagi after 
exposure of the plasminogen activator to a suitable animal or hujiian plasminogen; 

DETAILED DESCRIPTION 

The present invention provides a hybrid streptokinase-based plasminogen activator prepared 
by conventional recombinant DNA techniques e.g., those described in *Samhrook et at, 
Molecular Cloning: A Laboratory Manual' (BP*^ Ed., Cold Spring Harbor Press, 1989) 
and DNA Cloning* (vol. I to HI) (Glover, [Ed ], IRL Press Ltd., London. 1987), ajnong 

several other maniials/compendia of protocols, and the techniques of protein piflSfication 
and characterization, in particular the various cfaromaiographic - methods employed 
conventionally for purification and downstream processing of natural and; recombinant 
proteins and enzymes viz., hydrophobic intemction chromatography {HIC), ion-exchange and 
gel filtration chromatographies, and affinity chromatographic techniques well-known in the 
field of protein biochemistry (e.g., in this regard, reference may be made to : (i). Protein 
purification. Principles, high resolution methods and applications. Jahson^ J-C,, and Rydeti, 
L., [Ed,]. VCH Publishers Inc., New York, 1989; (ii) Process Chromatography: A practicai 
guide. Sofer, O.K., and Nystrom, L. E., [Ed J, Academic Press, New York, 1989). • 

The advantage of the present invention lies in its disclosure of the design or Sfructiitafly 
defined hybrid DNA polynucleotide constructs in which the translationat in-fimme fosion of 
the DNAs encoding SK or its modified forms, and the minimally essential pari» of t^ie 
fifaronectin-encoding DNA polynucleotides essential for significant ftbrin afiBmty on thieir 
own, sixch as those FBDs that possess independent fibrin binding capability (such as finger 
domains 4 and 5 of human fifaronectin) is carried out in such a configuration that confers the 
additional propierty of a rime-delayed plasminogen activation in the resultant: hybrid protein 
molecules. The latter are expressed by translation of the hybrid polynucleotides formed 
between the SK-encoding DNA and the FBD encoding DNA in a suitable host cell such as a 
bacterium, yeast, animal, plant cell etc. The resultant hybrid proteins, containing - SK and 
FBD portions fused to each other through polypeptide linkages, ctan be isoliated in pure foim 
by conventional methods of protein purification. 
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Brief Description of the Drawings 

Fig. 1. Schematic representation of different chimeric proteins prepared by the ftision of SK 
and FBDs, 

Fig- 2. Map of plasmid pJKD-8, containing SK gene from S. equisimiiis H46A- 

Fig, 3- DNA and protein sequence of streptofcmase of iS. equisimiiis H46A (GeneBank 
accession number: gb/K02986/STRSKC). 

Fig. 4- Partial restriction enzyme map of DNA encoding for SK, 

Fig. 5- Map of plasmid pFH-^, containing FBD 1 to 5 encoding sequences acicoiding to 
KorDhblitt, A.R., Umezawa, K., Vibe-Pedersen, K. and Baralle, F*E., (1985) EMBO J. 
4:1755. 

Fig, 6. DNA and protein sequence of the gene^segment encoding for FBDs 1-5 of human 
fibronectin (the DNA sequence has been obtained from EMBL; the file and accession no.'s 
are ID-HSFIBI and X 02761 JC 00799, K 02273^ 00307, X 00739). 

Fig- 7. Restriction en:^me map of DNA encoding the five N-tertninally located FBDs of 
human fibronectin. 

Fig* 8. Map of plasmid pET23(d). 

Fig. 9. Flow chart schematically depicting the main steps in the coiistruction pf a plasmid 
vector for the expression of the native SK gene of i^. equisimiiis H46A. 

Fig. 10. Flow diagram schematically depicting the main steps involved in the repair of the 
vector pET23(d)SK i.e construction of ejcpression vector pET23(d)SK-NTKiN (NTRN: 
abbrev. form for N- terminally repaired with native sequence). 

Fig. 11- Nucleotide sequence of SK-NTRNgene, 

Fig. 12. Predicted secondary structure of native (A) and translationaBy silently raodified (B) 
5'-ends of the SK gene sequence. 
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Fig. 13- Schematiijiw diagram depicting the main steps in^jjlinflthjistion of a plasrnid 
vector tpET23(d)SK-NTR] for the intracellular hyper-expression bf a semi-synthetic SK 
gene in v^^iich the 5'-end of the open-rcading-ftame for SK was selectively modified in a 
translationally silent manner at the DNA level, so that it encoded for the primary Strudurie 
otS. equisimilis SK. 

Fig- 14- Nucleotide sequence of SK-NTR gene. 

Fig. 15. Schematic depiction of the intergenic region of the chimeric SK-FBD(4»5) gene 
hi ghli ghting the design of a gly-gly-gly sequence, a transglutaminase cross-linking site and 
several imique restriction enzyme sites wherein different inter-^enic cassettes caix be 
conveniently swapped into this region. Also shown is the location of ttie natural Bshi J site in 
the SK gene v/faich was exploited as the common junction point for joinixig tfae FBD 
sequences to tfae SK gene* 

Fig* 16, Flow diagram depicting the main steps in the construction of plasrnid pSfCM[G400, 
containing the SK-FBD(4,5) hybrid DNA block composed of FBD(4,5) sequences linked to 
the intergenic sequences at Its 5*-end, and the SK gene fused in-frame at the 3* ^d. . 

Fig. 17a, Scheme depicting the cloning of the hybrid SK-FBp(4,5) cassette into 
pET23(d)SK-NTR for intracellular expression of SK-FBD(4,5) chinieric protein in £, colt 

Fig. 17b. DNA sequencing data of SK-FBD(4,S) hybrid cassette in T7 expression vector, 
pET23(d)- 

Fig. 18. Schematic flow diagram tor cloning of SK-FBD(1,2) hybrid gene iia pBtuesciipti to 
obtain pSKMG400-FBD( 1 ,2)]. 

Fig, 19a. Schematic description of steps involved in the cloning of the hybrid gener-construct 
SK-FBD(1,2) into expression vector pET23(d)SK-NTR for intracellular expression of SK- 
FBD( 1 ,2) chimera in £. coli. 

Fig.l9b. DNA sequencing data of SK-FBD(1,2) hybrid cassette in T7 expression vector. 

Fig. 20. Scheme of steps involved in the construction of hybrid gene block composed of; 
DNA encoding for FBD(4,S) and residues 1-63 of SK by the Overlap Extension PGR 
technique. 
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Fig- 21a, Scheme depicting steps involved in the cloning of the FBp(4,S)-SK gehes block for 
expression of FBD(4,5)-SK chimera in -E. co/i. 

Figt 2lb. DNA sequencing data of FBD(4,5)-SK gents block as present in the T7 expresisioh 
vector pET23(d)-FBD(4,5).SK. 

Fig. 22 a. Flow chart depicting schematically the steps involved in the cpipbtniction- of 
FBD(4,S>*SK-FBD(4,5) hybrid gene in pET23(d) expression vector. 

Fig. 22 b. DNA sequencing data of FBD(4,5)-SK-FBD(4,5) gene block as.proscmt in the T7 
expression vector pET23(d)FBD(4,5)-SK-FBD(4,5). 

Fig. 23. Purification of SK-FBD(4,5) protein exjpressed in E, coli by a one-sti^ affinify 
chromatographic procedure . 

Fig. 24- Clot lysis by purified SK'FBDC4,S) chimeric protein in a pl£usma niilieau;. 

Accordingly, the present invention provides a hybrid plasminogen activator cbiipiin^hg a 
polypeptide bond union between streptokinase (SK), or modified forms of SKV ; 6i soitabte 
part5 thereof, v^iiich are capable of plasminogen (PG) activation, witiii fibrin bin^ii^ regions 
of human fibronectin selected from the pair of fibrin binding domain5.4 foid^S; Or domains 1 
and 2, or modified forms thereof, so that the hybrid plasminogen activator possesses the 
ability to bind with fibrin independently and also characteristicaUy retains plasminogen 
activation ability >\iiich becomes evident only after a pronounced duration, or lag, aft^r 
exposure of the plasminogen activator to a suitable animal or human {Plasminogen. Figure 1 
describes the different designs of the SK-FBD hybrid proteins schematicaUy^ as disclosed in 
the invention. 

In an embodiment, the invention provides a hybrid plasminogen activator ^^ch carries out 
plasminogen activation only afier a lag period varying between 5 and .30 nunutes after 
exposure of the plasminogen activator to a suitable animal or human plasminogen : 

In a further embodiment, the invention provides a DNA segment encoding tibei hybrid 
plasminogen activator. 
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In yet another emfaoHient, the invention provides an expressia^^ltbr c^n^dibing; a DN A 
segm^t encoding the hybrid plasminogen activator. 

In another embodiment, the invention provides prokaiyotic or eukarybtic cells,; trwsformed 
or transfected with expression vectors, and capable of expressing the hybrid jplasminogen 
activators- 

The Invention further provides a method for the preparation of hybrid plasminogen iacttvators 
possessing useful plasminogen activation characteristics, said method coniprising tlie stepis 
of: 

(a) Preparing a first DNA encoding a nucleotide sequence for £ltrq7ptdk£^ or 
any of its rnodified forms, by conventional biochemical or cheniLical methods or 
appropriate combinations thereof, to produce a translationdl product; which is ^; 
polypeptide that can activate plasminogen 

(b) Preparing a second DNA polynucleotide by known biochemical or cHietnical 
methods or appropriate combinations thereof, that encodes for the fibrin binding 
domains selected from the pair of fibrin binding domains 4 and 5, or domaiiis 1 a^d 
2, or their modified forms, that are capable of conferring: affinity ahd/pr specificity 
for fibrin, and linking these to another DNA molecule that is capable 6f undergoing 
multiplication in a suitable host cell, 

(c) Construction of hybrid polynucleotides, between the first DNA encoding 
for streptokinase, or its modified fonns, that encode for a polypep1i4e capable of 
plasminogen activation, with the second DNA encoduig for the fiWin binding 
domains (FBD) of fibronectin by conventional methods, in the native translaiioiial 
ccdon f5rame starting with an initiator codon, and joining of the hybrid polynucleotide 
into a recipient DNA molecule, such as a plasmid capable of autonprnoiis replication 
in a host cell, or capable of integrating into the genomic DNA of a suitable host cell, 
and expressing the hybrid protein therein, 

(d) Introducing the DNA containing the hybrid polynuobotidb cohstruets 
obtained in step (c) into an appropriate host, selected fiiorn the group cdroprismg E, 
colU Bacillus sp.^ yeast, fimgus, plant, animal cell by conventional methods, 
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(e) CultiJJ the host ceUs expressing the SK-FB^^^eric polyniu^lc6tide 
using known procedures, 

(f) Isolating components of the culture, selected fturo^ extracellular fluid |rbni 
fermentation, intracellular railieau of the host cell or coitibinatidns the^reof^ that 
harbour the expressed chimeric polypeptide in an enriched form, and then partially 
purifying the chimeric polypeptides using conventional procedures Selected' front the 
group comprising centriiugation, ultrafiltzation, precipitation with salts or prganic 
solvents etc, or chromatography on suitable media, or combinations thereof^ 

(g) Refolding the hybrid polypeptide to a biologically active and staruttarally 
intact fomv, if required, 

(h) Further purifying the biologically active hybrid polypeptide; &om tb* 
relatively crude or partially pure materiaiys or cell-free lysiate obtaiiied at istep or 
(g) above, ailer refolding, using conventional methods, of protein purificattpn, or by 
affinity chromatography on a suitable matrix comprising: immqbilized fibrin or 
fibrinogen, or specific antibodies tbat recognize and bind with the active, biologically 
active hybrid proteins. 

In an embodiment, the invention provides a method for ^ productioh of thp^ hybrid' 
plasminogen activator proteins including DNA segments/polynucleotide blocks enic^ding the 
polypeptides, plasmids containing these genetic elements capable of their expression into 
protein, as well as microorganisms or other suitable host cells transf6rmed vyitb these 
plasmids. 

In another embodiment, the invention provides a method for the production of the: hybrid 
plasminogen activator molecules in pure and biologically active form for clinical and 
research applications. 

In another embodiment, the invention provides a method for the intracellular productibn of' 
large quantities of SK, or its modified forms in bacteria such as £. coH, lising a 
polynucleotide block that is altered as compared to that of the natural DNA sequence 
encoding for SK or its modified forms, and obtain these in a pure and biologicaliy active 
form. 
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In yet another eml^lfiaent. the invention provides a method ^I^PRb the S*-find of thie SK- 
encoding polynucleotide utilized for expression of SK, or its modified fonns such as thP SK- 
FBD chimeric polypeptides, is modified, as exemplified by the DNA sequeiiice provided in 
Fig. 13, by mutagenesis by known biochemical br chemical DNA synthesis tiecbniepieSt 
their combination, such that the secondary structure-fotmmg eap^bilily (p^g,, the 
intramolecular hydrogen bonding capability) of its transcript is diminished, regruldng in 
increased etficiencies of expression of SK or its modified forms such as SK-FBI> chiinerais in 
the heterologous host celL 

In another embodiment, the invention provides a method wherein the S'*erid of the SK- 
encoding DNA or its modified forms such as the SK-FBD chunetic polypeptides; is inctdified 
by mutagenesis by knovs^ biochemical or chemical DNA synthesis techni^ties; or a suitable 
combinaiion thereof, in such manner that the codons utilized in the DNA polynucleotide are 
compatible with those firequently utilized in E. coli or the host cell used for the expre$sion of 
the genes. 

In another embodiment, the invention provides a method wherein the DNA encodixi^, thpse 
fibrin binding domains that possess independent fibrin binding capability 4Jrc^ fiised in ^e 
correct translational fi-ame at the S'^nd of the SK-encoding DNA, after ^ tran^tional start 
codon, and then expressed into protein of the form exemplified in Fig. IC, refolded 
oxidatively and isolated in the purified form, to obtain the desired characteristic in the 
chimera viz., characteristic PG activadon properties characterized by an ittitial lag in' tbePG 
activation rates together with significant fibrin affinity. 

In another embodiment, the invention provides a method wherein the: fibiinibjindjiig 
domains are fused in-frame at the C-tenninal end of the SK, or its modified tbitn, to obtain 
a hybrid SK-fibiin binding domain protein tiiat contains selected fibriii bindinig domains at 
the C-terminal end of the SK portion of the chimera after expression of the hytnid DNA in a 
suitable host cell, as exemplified in Figs. lA and IB^ to obtain the desired characterise :in the 
chimera viz., characteristic PG activation properties characterized by $n initial tag in the PG 
activation rates together with significant fibrin afSnity. 

In another embodiment, the invention provides a method wherein tiie' fibrin : biodlDg 
domains are fiised through polypeptide linkage at the C-terminal end of the.S3C devoid of 
upto 4S amino acids, preferably 31 amino acid residues. Thus, a hylsrid SK-FBD protein is 
generated that contains selected fibrin binding domains fused at the G-terminal end of a 
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am. 
a chimeric protein &at has bcfth fibnil^^Rty as well a$ delayed 

PG activation properties. 

In yet another embodiment, the invention provides a method wherein fibrin binding domains 
are fused at both the ends of SK, or its modified forms that retaih a pla^iiiog&h . activator 
ability, simultaneously (in the configuration represented as TBD-SK-FBD*; as sch^atically 
depicted in Fig. 1, D) to achieve the desired functionality in the hybrid construct viz:, 
characteristic plasminogen activation properties characterized by an ixiitial lag in tjie PG 
activation rates together with significant fibrin afBnity. 

In another embodiment, the invention provides a method ^^erein; the nbvel>: chimeric 
polypeptides are expressed in £. co/z or other suitable host cells. 

In aiiother embodiment, the invention provides a method wherein SK or its truncated fcnrm/s 
are fused through polypeptide linkages with the fibrin binding domains known to possess 
independent fibrin binding capability through a short linker peptide rej^on comprising of a 
stretch of amino acid sequence that is not conformationally rigid but is flexible^ such as those 
predominantly composed of Gly, Ser, Asn, Gin and similar amino acids.; 

In another embodiment, the invention provides a method wherein SK or its nibdifieid forms 
are fiised with fibrin binding domains through a "linker" peptide composed of amino acid 
sequences ihat provide varying levels of local conformational flexibility by inc^irporttting 
sequences that fold into relatively rigid secondary structures such ais beta-turns so asito obtain 
different chimeric PG activator proteins with desirable initial lag-times In their plasminogen 
activation kinetics. 

In another jjreferred embodiment, the SK-FBD hybrid polypeptides ate expressed in E, coli 
using known plasmids under the control of strong promoters, such as tac^ trc^ i-rp^i T? RNA . 
polymerase and the like, which also contain other well known features necessary^ to effect 
high level expression of the incorporated DNA polynucleotides encoding for tHe hybrid 
Streptokinase-fibrin binding domain polypeptides e.g. Shine-^Delgarno sequence^ 
transcription terminating signals etc. 

In yet another embodiment, SK or its truncated forms are fused either at the amisao- or C-^ 
termini , or both^ through polypeptide linkages with the FBDs known itb possess indfi^endetit 
fibrin binding capability^ such as domains 4 and 5, through short Minker^ Regions, as 
described above, that contain amino acid sequence/s providing varying levels of local 
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conformational flexib^ll to the linker segment between the SI^^FBp portions of the 
hybrid protein/s. 

In yet another embodiment, various chemical or physical agents, such as isp-propyl- beta-D- 
thio galacto pyranoside CIPTG), lactose, low or high temperature change, change m salt or pH 
of medium, etahnol, methanol, and the like, are used to induce higji leVfcLs bf the SK or the 
various hybrid polypeptides in the host cell in which the hybrid polynucleotides are being 
expressed. 

In another preferred embodiment, the hybrid SK-FBD polynucleotides are expressed in £. 
colL 

In yet another embodiment, the E. coli cells are lysed by chemical treatmeiit sudh as the use 
of chaotcopic salts e,g. guanidinium hydrochloride and the like^ to effect the liberation of the 
SK or its modified hybrid forms, which are then purified using conventional procedures. 

In yet another embodiment, the invention provides a method wherein the host coli cells 
are lysed by chemical treatment such as chaotropic salts e,g., guatiidiriiuin hydrochloride and 
the like, to effect the liberation of the SK or its modified cbiineric focrms, followed by 
purification using conventional methods. 

In another embodiment, the invention provides a method wherein the crude c^Il^y sates 
obtained, using either conventional methods or by employing chaotropic salts^ from cells 
elaborating the chimeric polypeptides are subjected to air oxidation to refold the chimeric 
polypeptides to their biologically active conformations containing the ndiive cystine 
connectivities. 

In another embodiment, the invention provides a method ^^*erein the crude cell-lysates 
obtained using either conventional methods selected from the group consisting of enzymatic 
lysis of cells, ultrasonic lysis, lysis by mechanical means or by employlog chac^tropic salts, 
£rom cells elaborating the chimeric polypeptides are subjected to oxidation and refolding 
using a mixture of reduced and oxidized glutathione of a suitable redox potential that allows 
the chimeric polypeptides to refold to their biologically active conformations. 

In yet another embodiment, the invention provides a method whe:rein the refolding reaction 
is carried out in the presence of immobilized fibrin to promote a more; efficient iigand* 
induced refolding of the epitopes responsible for fibrin affinity in the said chimeric 
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polypeptides^ and coiil^ently higher yields of the biologicaj^|^ve chiinenG: protein 
constructs. 

In another embodiment, the invention provides a method v^erein :the hiologicjally active 
chimeric polypeptides are purified selectively &om other im>teim,r or unfolded SK-FBD 
polypeptides, by affinity chromatography on immobilized fibrtn(ogcn) e^g. fifatin- or 
fibrinogen-agarose. 

In another embodiment, the invention provides a method wherein aj chiiheric plaisminbgen 
activator protein is used as a medicaht for the treatment or prbphyl^^s x>f tbrbmbblytic 
diseases. The activator may be formtilated in accordance with routine procedtiries as 
pharmaceutical composition adapted for intravenous administraticn t6. hiamai^ beings, an4 
may contain stabilizers such as human serum albumin, mannitol etc^ solublizing agents, or 
anesthetic agents such as lignocaine and the like. 

In yet another embodiment^ the invention provides a pharmaceutical composition comprising 
a hybrid plasminogen activator and stabilizers such as human serum albumin^ mannitol etc^ 
solubizing agents, anesthetic agents. 

In a further embodiment, the pbarmaceuticai composition of tlie invention, comprises a 
chimeric plasminogen activator protein used as a medicant for the treatment or prophylaxis, of 
thrombolytic diseases and pharmaceutically acceptable carriers. The: activator may. be 
formulated in accordance with routine procedures as pharmaceuticail composition adapted for 
intravenous administration to human beings, and ma,y contain stabilizers such as human 
serum albumin, mannitol etc, solublizing agents, or anesthetic agents such as ligiiagaine and 
theUke, 



The DNA polyncleotides encoding the various streptokinase^Sbrin brndihg domain hybrid 
constructs depicted schematically in Fig. 1 can be made utilising rONA an4 selective DNA 
amplification techniques (e.g., the well-known polymerase chain Reaction technique^ 
abbreviated PGR) (reference, in this regard may be made to: Saiki, ILK., Scharf, Faloona, 
F., MuUis, K.B., Horn, G.T., ErUch, R A„ and Amheim. N., 1985, Science 230: 1350; 
Mullis, K,B,, and Faloona, F., 1987, Methods in Enzymol 155:335)1 The hybrid genes are 
then expressed in heterologous hosts such as bacteria (e.g. coti)^ or other Suitable 
organisms, to obtain the chimeric polypeptides. Bacterial host cells {E. coli XL Blue) 
harbouring the various plasnnd constructs expiresdng the different SK-^FBD hybrid proteins 
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(see Exainples sectiJl^have been deposited in the Microbial^^s Culture Colil^tioii 
(MTCC), Institute of Microbial Technology, Chandigarh (a constituent labomtory of 
C-S.LR., India). The accession numbers of these constructs are ; BPL 00|3 for fee pET 23(d)- 
NTR-SK-FBD(4,5) construct (see Fig. 17a for map of this plasniid); BPL 00l4 for pET 
23(d)-SK-NTR-FBD(U) (see Fig. 19a); BPL 0015 for pET23(d)FBD(4,S)^SK (see Figi 2ia 
for map of this plasmid construct); BPL 0016 for pER23(d)FBD(4,S)-SK-FBD(4,S) (see Fig. 
22a for map); 0017 for pETZ3(d)SK-NTR (see Fig. 13 for map of this plasmid construct). 
The proteins expressed from these plasmids can be expressed in suitable host cells; (e.g. E. 
coll BL 21) and then purified to render them substantially firee of other componeilts derivied 
from the host producer cells. In case the polypeptide is expressed in a host system not capable 
of efficient re-oxidative folding of the primary translational product/s of the hybrid genes 
e.g. E, colU an intermediate in vitro refolding step is introduced subsequent to the expression 
step. Alternatively, the hybrid constructs can be expressed in cell systems capable of etScient 
oxidative refolding of translational products e.g. yeast, animal cells etc. 

The DNA polynucleotide encoding for SK was fiist cloned in a bacterial plasmid in £ cvli 
after isolation from the wild-type S, equisimilis genomic DNA accOTding to known 
procedures (Malke, R, and Ferretti, J.J.. 1984; Prcc. Nat'l Acad, ScL 81; 3557) and in recehx 
research publications available in the public domain (Pratap, J., Kaux, J., Rajamohauv G., 
Singh, D., and Dikshit, K.L.,1996, Biochem. Biophys. Res, Commtm, 227:303), In the process 
of the present invention, the DNA corresponding to the translatiohid open^reading-frHme 
(ORF) of SK has been further modified with resfpect to its S'-^oding sequences so that, after 
cloning in an expression vector under the control of a strong promoter^ large quaj^tities of 
biologically active SK are produced intracellularly. The DNA sequence of the; SK gene firrai 
Streptococcus species (American Type Culture Collection accession No. 12449; this sftrain 
has served as the producer strain for numerous studies on streptokinase, and is often; risferred 
to as Stteptococcuc equisimilis H46A in the Sicientific literature). The corresponding amino 
acid sequence of the mature protein are provided in Fig. 3. The restriction enzyme rnap of the 
SK-encoding DNA is provided in Fig. 4. 

The DNA polynucleotide sequences encodiiag for the fibrin binding domains of human 
fibronectin were selectively amplified from known plasmids containing cloned cDNA fi^r the 
FN gene. Komblihtt, A.R., Vibe-Pedersen, K^ and Baralle, F.E,,1983, Proc, NaVl Acad, ScL 
80:3218. have cloned the cDNA encoding for the human fibronectin (FN) gene in a plasmid 
vector in E. coli (pFHl). This cDNA extends approx. 2.1 kb fi^om: the poly-A tail of the 
mRNA of fibronectin, aroimd one-fouxfh of the estimated size of the human FN message 
(approx. 7900 nucleotides). By further mRNA "walking" type of experiments, these 
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investigators canied^fet the construction of longer cD>il^|^nes tising synthetic 
oligonucleotides complementary the DNA of clone pFHl. By this method, cDNAs 
corresponding to the complete FN mRNA were prepared and cloned in several vectors 
(Kornhblitt, Umezawa, K., Vibe-Pedersen. K., and Baralle, (inSYEMBO J, 

4:1755). One such plasmid (pFH6) contained the entire sequences coding for the FBD$ of 
the N-terminal region of human FN (as represented in Fig, 5 showing the map of this 
plasmid, and in Fig. 6 showing the nucleotide and amino acid sequence of the BBD: regions 
contained in this plasmid and Fig. 7 for its restriction enzyme map). PUsmid pFH6 served as 
the source for these sequences in the construction of the SK-FBD hybrids. The fibrin binding 
domains located in ttie N-tenninal region of human FN gene were selectively amplified: by 
PCR using specially designed oligonucleotide primers that hybridized with DNA sequences 
flanking the FBD DNA segments to be amplified. These primers also contained non- 
hybridizing sequences at their 5'-ends that provided the intergenic seqiience (i^cs. between the 
SK and FBD DNA) as well as a restriction site through ^'s^iich the amplified DNA could be 
ligated with the SK gene in-frame in a plasmid vector. The cloned hybrid gene was then 
expressed in E, coU so as to produce large quantities of the chimeric polypeptide. This, protein 
was then isolated from the £. coli cells and subjected to a process of purification and 
refolding to a biologically active form* Similarly, different designs of the SK and FBD 
hybrids were then constructed using recombinant DNA methods, expressed, and isolated in 
biologically active, purified forms. Analysis of the properties of these proteins ^stabli^ed 
that these indeed possessed the functional properties expected fix)rh their desijgn i.e. 
plasminogen activation ability as well as fibrin selectivity. They also displayed the additional 
desired property of a very slow initial kinetics of PG activation, which, after a lag varying 
between 5-30 minutes, depending on the construct^ was overcome* leading to high mtes ofPG 
activation comparable to native SK, 

The invention and its embodiments are illustrated by the following examples, which should 
not be deemed to limit the scope of the invention in any manner. Various modiiicatipBS that 
may be apparent to those skilled in the art are deemed to fall within the scope of thfs invention 



L General methods used in Examples. 

1. Recombinant DNA methods: In general^ the methods add teclWques of irDNA well 
known in the area of molecular biology were utLLised. These arc readily available firom 
several standard texts and protocol manuals pertaining to this field of the art, for example, 

Sambrook et al.. Molecular Clotiing: A Laboratory Manual (IP^ edition. Cold Spring 
Harbor Press, New York., 1989; McPherson, M. J., Quirke, P., and Taylor, G.R., [Ed,] PGR: 
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A Practical Approach.^K' Press, Oxford., 1991). However, pertiDP^^ptaUs in the context of 
specific experiments describing the present invention, particularly wliere modifications 
introduced to established procedures, are indicated in the Examples vAieitwet relevant 

2. Casein-plasminogen overlay for dbt6ction of SK activity: bacterial cblomesi 
producing stipetokinase can be routinely detected by overlay of casein and human 
plasminogen in soft agar (Malke, H,, Ferretti, J J., 1984, Proc. Natl. Aca. Sci. 81:3557). 

ml soft agarose mixture consisting of 0.8 % agarose, 10 % skimmed milk^ approx. 200 ug of 
human plasminogen, 150 mM NaCl, and 50 mM Tris-Cl (pH 8.0) is poured on top of the 
plates. The plates are incubated at 37 *C for 2-6 h. Positive streptokinase activity is indicated 
by the appearance of zones of clearance around &e colonies (halo fonnation). 

3. Zymography: proteins from total cell lysates are separated oh 10 % SDS-PAGE. 
After completion of electrophoresis run, gel is ^washed with 2.5 % Triton X-lOG' to' rethbve 
any SDS. It is then thoroughly rinsed with standad buffer 0.05 M Tris CI (pH 7.5) for Triton 
X-100 removal. The gel is laid on 0.6 % agarose plate containing 10 % skimmed milk and 
0.5 mg/ml human plasminogen. After incubating at 37 °C for 2-3 an active SK band is 
visualized as a clear band. 

4. SDS-PAGE analysis of proteins: SDS-PAGE is carried out, essentially according 
to Laemmli, U.K., 1970» Nature 227:680 with minor modificationis, as needed. Birietly, 
protein samples are prepared by mixing with an equal volume of the 2X sample buffer (0.1 M 
Tris CI, pH 6.8; 6 % SDS; 30 % glycerol; 15 % beta-mercaptoetbanpl atid 0.0J% 
Bromophenol Blue dye). Prior to loading onto the gel, the samples a]te heatecl in a iboilihg 
water bath for 5 min. The discontinuous gel system usually has 5 % (oGrylamide concj) in the 
stacking and 10 % in the resolving gel. Electrophoresis is carried oiit using Laeznmli buffbr 
at a constant current of 15 mA firsts till the samples enter the gel and then 30 mA till the 
completion. On completion of electrophoresis, gel is immersed in 0.1% coomasie Blue R250 
in methanol: acetic acid: water (4:1:5) with gentle shaking and is then destained in destaining 
solution (20 % methanol and 10 % glacial acetic acid) till the background becomes clear. 

5. Imrouno-assay of Western blotted proteins: Western blottmg of the ptpteins from 
Er colt carrying plasmid encloded Latracellular streptokinase is carried as detailed (To\vfaln» 
R, Stachelin, T., Gordon, T., 1979, Proc. Natl. Acad Sci. 76: 4350). The cultures are grown 
to 600 nm of 0.5-0.6, and are induced with 1-5 mM IPTG. The celtsi are cejjtrifuged* The 
pellet is resuspended in cell lysis buffer and the supernatant obtained after high-speed 
centrifugation. These fractions are resolved on the 10 % SDS-PAGE. The gel is equilibrated 
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with the transfer cell ^fter (25 mM Tris^ 17S mM glycine in 20^^^tibanol) and is blotted 
electrophoretically on to the nitrocelliilose membrane at SO V for 3 h. The blot is blocked 
with 5 % skimmed milk (Difco) in PBS (Phosphate buffer saline) for 14-16 h at 4 ''C. the 
blot is further washed with 0.1 % Tween-20 in PBS, The blot is incubated With ib^ toti-SK 
antibodies (raised against pure 5. equisimilis SK in rabbit) in 40 ml df PBS conatining S % 
skimmed milk for 3 h at room temperature with gentle shaking. The blot is washed; with 0:1 
% Tween 20 in PBS three times for IS minutes each. Again it is blocked with PBS-skimmod 
milk for IS rnin with gentle shaking at room temperature and flpther incubated with 
peroxidase-conjugated goat anti-rabbit immunoglobulins at a dilution of l:S0d0 in 20 ml of 
PBS-skimmed milk (5 %) for two 2 h at room temperature with gentle shaking. This filter is 
again washed with 0, 1% Tween 20 in PBS for three times (15 min each). The colour reaction 
for HRP-linked secondary antibodies is carried out by immersing the blot in 10 ml of reactibii 
bujSer solution having 10 mg of DAB (di-amino benzidine) and imidazole each. The reaction 
is terminated by washing with distilled water. 

6. Streptokinase assay using chromogetdc peptide subsHrato; plaskiinogen activator 
activity of streptokinase is assayed according to Jackson, K.W., Esmoii, N., Tang, T., 1981, 
Methods in Ensymology 80: 387. One hundred til of appropriately diluted streptdkihajse 
samples, 25 ul of sample buffer (0.15 M Tris-Cl buffer, pH 7,5) and 15 ul. of hunian 
plasminogen soliition (0.5 mg/ml in 0.05 M Tris-Cl, pH 7«5) are mixed together.' The tubes 
are incubated at 37 °C for 1 5 min, after whichl8 ul of NaCl (1.77M in 0.0.32 M Tris-Cl, pH 
7.5) is added. The amount of plasmin generated in the first stage is measured by further 
addition of 12 ul of plasmin-specific chromogenic substrate, Chromozyme-PL (Boebtinger- 
Mannheim, Germany), 5 mg/ml in water^ and the tubes are again incubated at 37 for 10 
min. After this incubation, 0.4 ml acetic acid (0.2 M) is added to terminate the reaction.. Tlie 
release of yellow-colored 4-nitroaniline is monitored at 405 nm spectrophotoinoterically. 
Appropriate dilutions of 5. equisimilis streptokinase obtained from WHO, Hertfordishire, U.K^ 
is used as a reference standard for calibration of international txriits in the imknoMoi 
preparation. Protein concentration is estimated according to the method of Bradfbrid; M.M., 
1976, Anal, Biochem, 72: 248) \asing BSA as a standard. Bradford's reagent (Biorad Inc., 
USA) is utilized according to the manufacturer's instructions. For estimatng the 
concentration, protein-samples in phosphate buffer are made to 800 ul. To ttusv 200 ul 
Bradfor*s reagent is added and is mixed thoroughly. The reaction is maintained at room 
temperature for 5 min and absorbance at 595 nm is monitored. The specific activity for PG 
activation (I.U./mg protein) of an unknown preparation of SK or SK-FBD is thus detennined 
from the SK assay and protein estimation data. 
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7. Fibrin clo^|ay for SK: This test is performed to del^^e the; clot lysiis ability of 
any thrombolytic drug, such as streptokinase, urokinase or tissue plasminogen activator, and 
is adapted from British Fhaimacopia (1980 edition). 

Reagents : (i) 100 mM citrate phosphate buffer, pH 7.1 containing 0.8; %:B$A (Wfeired to as 
buflFer-l), (ii) Bovine fibrinogen (Cchn Fraction-I, obtained from Sigma Chcmi(:al Co., St. 
Lx>uis, USA), 2.5 rag/ml prepared in buffer -1). (iii) Bovine thrombin (obt£Uii6d from Sigma 
as a lyophilized powder). Stock solution of SK, 500 I.U./ml, prepmied in sterile water and 
stored in aliquots of 50 ul each at -70 °C, Before use, one aliquot is thawed and diluted to SO 
LUVml in buffer- 1. (iv) Human plasminogen (Boehringer Maimheim, Gerrttany) stock 
Img/ml, prepared in sterile water. Stored in aliquots of 100 u] each at -70 °C; (v) Standard 
SK (from W.H,0., obtained from Eh-. PJ, Gafi&ey, Division of HaiBmatology, NJiBvS^G., 
Blanche Lane, Potters Bar, Hertfordshire, EN 6 3QG, U.K.). The standard SK vial is 
composed of 700 international units of SK (in lyophilized form alongwith stabilizers). A 
complete vial should be dissolved in 700 ul of sterile dist. water to obtam a concentration of 
1000 I.U./ml. The dissolution should be carried out either at 4 **C or by keeping all flie 
solutions on ice. The dissolved SK is then aliquoted into convenient $i2©s and stored at -70 
°C. Prior to carrying out clot lysis assay an aliquot of 1000 I.U./ml (stock) is thawed and 
diluted further in cold buffer- 1 on ice. Dilutions (A to D, below) are prepared serially in the 
following way using a new pipette tip for each transfer. 

A. 10 ul of stock + 990 ul of buffer-1 = 10 LUyml; 

B. 500 ul of A + 500 ul of buffer-1 5 LU./ml. 

C. 500 ul of B + 500 ul of buffer-1 ^ 2.5 LU./tnl. 

D. 500 ul of C + 500 ul of buffer-l = 1.25 LU./W, 

(All dilutions are tempered at 37 °C prior to use in the clot test as are the other ablutions to be 
usedO 

Two hundred ul of each dilution is used in the clot lysis reaction mixture. One unii of SK 
(present in 200 ul of SK dilution B) is just sufficient to lyse a standard fibrin clot m 
approximately 5 min at 37 ""C. 

Clot lysis test protocol: (a) Preparation of dot (negative control): ' During each step, the 
contents of the tube are gently mixed. 

Step 1 : add 450 ul of buffer -1 to a small glass tube (0.8 mm internal ditoieter). 
Step 2 : add 50 ul of bovine thrombin (50 LU./ml) solution to the tube. 
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Step 3 : add 100 ul of ^l^ml plasminogen to the solution in tube, 
Step 4 : add 400 ul of 2.5 mg/ml fibrinogen to the solution in mbe. 

Immediately after step 4, the tube is kept at 37 °C in a water badi without shakiilg, A 
standard clot forms within 30 -40 seconds. The lJJJm\ in the unknown: is determinecl m a 
similar manner after appropriate dilution. 

B) Clot lysis with thrombolytic agent (SK)! When clot lysis ts to be pcrfonned iiimg 
standard SK, all the steps i.e. 1, 2 and 3 are carried out as described: above/ except that at 
step 1, only 250 uL of buflFer-1 is added. Also, at step 4, 200 ul from the appropriate dilution 
of SK containing 1-2 units (as described under Reagents, above) is premixed with 400 ul of 
fibrinogen solution in a separate eppendorf tube» and rapidly equilibrated to 37 °C in water 
bath. This mixture is then added to the clotting reaction at step 4, described above. The tube 
is then incubated as previously. A clot is formed in the same or le$s^ time as above, but is 
now followed by its lysis. The time for complete lysis is noted dowri using a stop watch- The 
time for lysis depends upon the amount of SK used in the mixture. Lysis time by a particular 
unit of standard SK (i.e. lysis time of 5 min by 1 I.U. of SK) is teken a^ a standard. The 
unknown preparation of SK should be diluted appropriately to obtain a lysis time of 
approximately 5 min, which can then be used to calculate the units of SK present in that 
imknown preparation. 

S. Kinetic assays for determining the HPG activation by SK or SK-FBP diflinei^* 

A one-stage assay method (Shi, G.Y., Chang, BJ., Chen, S.M., Wu, DM. and Wu,:HiL., 
1994, Biochenu J. 304:235. Wu, H.L.. Shi, and Bender, ML., \m , Proc: Nail Acad: 
ScL 84: 8292. Wohl, R.C., Summaria, L,, andRobbins, K.C., 1980, J. Biol Chem, 255:200S) 
was used to measure the activation of HPG by SK or SK-FBDs. Varying concentrations of 
either SK or SK-FBD chimeric protein (10 nM-200 nM) were added to 100 ul-volumc mic^- 
cuvette cont^dning 1 uM of HPG in assay buffer (SO mM Tris-Cl buffer, pH 7.5, containing 
0.5 mM chromogenic substrate and 0.1 M NaCl). The protein aliquots w^o added after 
addition of all other components into the cuvette and bringing the spectrophotometric 
absorbance to zero. The change in absorbance at 405 nm was then measured as a fxmction of 
time in a Shimadzu UV^160 model spectrophotometer. 

9^ Assay for determining the steady*»state kinetic coustaiits for HPG activator 
activity of SK and SK-FBD constructs: To determine the kinetic parameters for HPG 
activation, fixed amounts of SK or SK'FBD(4-5), 1 nM, were atidod to the assay buffer 



22-DEC-1999 18 = 05 FROM KUMflRRN & SPGPIR 



TO 0016175428906 



P. 30 



containing various IK^entrations of HPG (ranging from 0.03^^6.0 uM) in the 1 PO uL 

assay cuvette as desribed above. The change in absorbance w^s then measured 
spectrophotometrically at 405 nm for a period of 30-40 min at 22 °C. Tbe kinetic jwamteters 
for HPG activation were then calculated from inverse, Michaelis-Menton, plots by standaJrd 
methods (Wohl, tLC, Summaria, L., and Robbins, K.C. 1980, J. BioL Chemi 255:20PS). 

10. Radioactive fibrin clot preparation: SO uL ul of (2.5 mg/ml) cold fibrinogen was 

mixed with 50 ul (9 XIO^ cpm) of ^^^I- labelled fibrinogen (specific activity 8 X 10^ 
cpm/ug of fibrinogen) and added to the mixture of 1.1 uM^ HfG and 0,25 :iajits of 
human/bovine thrombin in 0.1 M citrate phosphate buffer, pH 7.S contmning 0.8. percent BSA 
in a total volume of 1 ml in a glass tube ( 1.3 X 12 cm). The clot was formed by incubating the 
mixture at 37 °C for 2 min. The clot was then washed thrice with 2 ml of TNT bufTer (50 mM 
Tris-Cl buffer, pH 7.5, containing 38 mM NaCl £ind 0.01 percent tween-80) for 2 mill at 37 

125 

As required the non-radioactive fibrin clots were prepared by omitting I-labeiUed 
fibrinogen from the clotting mixture. 

11. Clot lysis in the presence of human plasma: l-fibrin cldt lysis was earned out 
in the presence of 2 ml citrated human plasma containing different coneentratio^S of either 
SK or SK-FN (ranging flx>m 100 to 200 nM) at 37 °C, The nsaction tubes were rotated slbwly 

■ 1*25 

at 37 °C and 0. 1 ml aliquots were removed at regular intervals to mea^e the soluble I* 
fibrin degradation products by measuring the amount of radioactivity released using a ganuna 
counter. The total radioactivity of each clot was determined by measuring thio radioactivily of 
the respective tube before taking out any aliquots; 

12. Clot lysis in the presence of human. fibrin<^en: '^^^l-fibrin clot lysis wi^ also 
carried out in the presence of various concentratiohs of human fibrinogen (ranging fi^m l:tp 
4 mg/ml) containing 100 nM of eiliier SK or SK-FN. Clot lysis was also performed in the 
presence of fixed fibrinogen concentration (2 mg/ml) and different toncentrations of -SK or 
SK-FBD protein construct (ranging from 50 to 200 nM), The reactions were incubated at 57 

125 

'*C with gentle shaking and the release of I-fibrin degradation products as a fixnctibn of 
time was measured as described previously. 

EXAMPLES 

Example 1. High level intracellular e^^ression of biologically Streptokinase in E. colL 
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In order to expreifcative-like, fiiUJen^ S. equisimitU ^fft mSA StreptoWxiase 
intracellularly in E, coli the SK-encoding polynucleotide block transferred from the 

plasmid vector construct pJKD-55 by digesting with Nco I and Sal I r^striclioti 
(R,EO v^ch liberated the SK open-reading-firame (ORF), Plaamid pJKD-55 oqiitaitied the 
streptokinase gene vvhich was isolated from Streptococcus sp, (ATGC i2449)> also inferred 
to conventionally in the scientific litCTwture as S. equisimilis strain H46a; by known 
procedures earlier reported for the molecular cloning of SK gene and its esq^ression in 
heterologous hosts such as £. coli (Malke, VL aiod Ferrtirtti, J J., i?84; Froc. NcU'lA^ad. Set, 
81; 3557; Pratap, J,. Kaur, J., Rajamoban, G., Singh, D., and Dikshit, KX„ 1996: $iochem. 
Biophys. Res. Commun. 227: 303). The latter publication desribbs the procedure^ by which 
the SK gene was cloned in E. coli plasmids, such as pJKD-8 and pJKO-55 used herein (see 
below), 

The DNA segment liberated from pJKD-55 by R.E. digestion was then clonted^into plisniid 
pET-23(d) (see Fig. 8 for map of this plasmid) which had also been treated with the same 
enzymes (Nco I and Sal I) to obtain cohesive ends compatible with those of the SK (see 
Fig. 9 for the scheme used for this purpose). This vector contained an initiation csodon in- 
frame with the Nco I site of pET-23(d). Upon ligation, the SK operi-reading^frame could be 
recreated, but one modified ai the N-tenninal end, together with an additional ATG ^t th^ 5' 
end emanating from the re-formed Nco I site; 

The construction of pET23(d>SK was ciarried out as follows, ApproJC. 3 each of 
pET23(d) and pJKD-55 plasmid DNAs were digested (separately) vyith 20 units: eacb; of Sill 
(37 °C for 6 h), followed by 15 units each of Nco I in 20 uJ reactions at 37 °C for lOh. After 
stopping the reactions by heat treatment (65 "^C, 10 min)» followed by pbehcrl^hlbroform 
extraction and ethanol precipitation of the DNA, the digests were nm electroptusretitally on 
a 1.2 % agarose gel to isolate the needed DNA fragments i.e. insert, carrying .the SK gene 
from pJKD-55, and the linearized vector pEt23(d) [see Fig. 9], The respective fragments 
were purified from the gels using the Prep-A-Gcne DNA purification kit of BioRad Inc., CA, 
USA. The iosert and double-digested, lineiaiized vector DNAs were then hgated at an approx, 
3:1 molar ratio (-350 ng of vector and 400 ng of the insert liberated from pJKD-S 5) fin a 20- 
uL reaction using standard ligation conditions at 16 for 12 h. After this duration, the ligase 
was heat inactivated (60 15 min) and one^fifth of the ligation reaction was directly used to 
transform E. coli XL-Blue electrocompetent cells using the fpliowirig electroporation 
conditions with 2 tnm internal diameter electroporation cuvettes (obtained frorn BipRad Inc., 
Richmond, CA, USA): voltage, 2.5 KV; resistance, 200 Ohms, ajwJ capacitance 2iS: uF- Six 
fransfonnants were picked up from Amp-LB plates on which the trknsfbnned cells were 
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plated at various diSRns. Individual colonies were inoculated^^f 10 ml LB-Amp media 
to prepare plasmid DNA by standard methods. The isolatjed plasroids werp taien screened 
electrophoretically on the basis of molecular size to identify the positive clorte/s* All six 
clones were positive by this criterion. In order to express full-length SK contmning all of ttje 
amino acid residues of mature S, equisimilis SK (Fig. 3), the native N-itenninal was 
repaired using a synthetic "cassette" approach (refer to Fig, 10 for the schemei followed for 
the repair of the SK gene). The portion of the repaired SK gene at the 5' end m pET23(d)SK 
was obtained through PGR using the primers RG-^ and RG-7 with the foUdwing sequence 
and target specificity. 
RG-7 (forward primer) 

5*-ATT OCT GGA CCT GAG TGG CT-3^ 

(specific for the first seven codons of the SK gene; Cf Fig. 1 1 ) 

RG-6 (reverse primer) 



5LTGG TTT TGA TTT TGG ACT-3' 
(specific for codons 57-62 of SK gene) 

The PCTR was carried out using as the template^ plasmid pSKMG-406, wtiicji tontaiixedithe 
DNA wquences coding for full-length native SK of Streptococcus kp. (A^CQ 12449), also 
referred to as S. equisimilis H46A as described earlier. This plasmid was constructed by 
cloning the Nco I-Sal I fragment obtained from pJKD-5S followed by T4 DNA polymerase- 
catalyzed fill-in of the two ends (to obtain blunt ends) and cloning at the Bco RV site of 

plasmid BlueScript KS" (Stratagene Inc, WX, USA). The two PGR primers wpre desi^ied to 
amplify the N-tenninal portion of the native SK gene upto a unique restriction site in the 
gene which could be utilized for rccloning the amplified PGR product back into p£T23(d)- 
SK for expression of protein. Moreover, the 5' end of the RG-7 primer started with ATT, 
coding for lie, the first residue of the mature SK-encoding DNA (or genie), so fliat the PCR- 
amplified SK^ncoding polynucleotide DNA segment could dock in-frame with the 
nucleotides ATG, formed at the Ncol-cut and refilled end of the expression vector, thus 
juxtaposing the initiation codon in-frame for the repaired SK ORF, The foUowirig PGR 
conditions were xised for the amplification reaction (100 ul- total): approx. 10 ng pSKMG- 
400 as template, 20 pmol each of the RG-6 and RG-7 primers, I ul (2.5 units) of pfu DNA 
polymerase (Stratagene Inc.), 200 uM of each dNTFs, 10 uL of the standard buffer (10 X 
cone, provided by the Stratagene Inc.). The followdng cycling parameters were used: 'hot 
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starf for 5 minutes °C, denaturation at 92 °C for 1 min, aJ^^ 9t 50 ''C for I juin and 
extension at 72 °C for 1 t p^t^t A total number of 30 cycles, and a final extension of 10 roin at 
72 for alloMdng the completion of any of the incomplete amplified prpc^ts, were 
provided. The PGR showed a single band of 160 bp as evidenced by electripphtiresis on ^ 
1.2 % agarose gel. For cloning the PCR product into pET23(d>-Sk vector, ^ppirbx. 10 ug 
pET23(d)-SK vector was digested with 25 units of Nfcol restriction enzyme in a 100 ill 
reaction using the buffer (NEB-4) supplied by New Engjand Biolabs, Inc., and by 
incubating at 37 °C for 6 h. The completion of Ncol digestion was cihecked by Ibacjing 5 ul of 
the reaction mixture on a 0.7% agarose gel. Aftier confirming the digestion^ the Ncol site was 
filled-in (i.e. made blunt ended) tising T4 DNA polymerase in the presence of pdj fbxir dNTPs 
in a 85-ul reaction as follows. Seventy five ul of above-mentioned Nco 1. digestion mixture 
was supplemented with 4 ul DTT (100 mM stock), 4 ul dNTP's froixx a dNTlf^ sto^k (2 inM), 
and 2000 Weiss units of T4 DNA polymerase. The reaction wa$ incubmed m il °C for 1 h 
after which it was stopped by adding EDTA (10 mM final cone.) and heating at 75 °C for 10 
min. The DNA was then ethanol^precipitated. The precipitated DNA was dissolved in 40 ul 
TE and was digested with Afl n restriction enzyme in a 60*ul reaction at sppropniate reaction 
conditions as recommended by the supplier. Separately, 40 lil of the PCRrampliified DNA 
reaction, prepared using pSKMG-400 vector as substrate to supplement the deleted portion 
of the SK gene, was also digested with Afl 11 restriction en^me^ followed by running oh 
low melting agarose gel (1 %) to separate the vector and insert DNA pieces [the insert 
contained a blunt end, and an Afl U-site compatible cohesive tenninus at the other end^ thus 
making it suitable for facile ligation with the vector, which had been similarly treated with 
Nco I, followed by a fill-in reaction with T4 DNA polymerase to obtain, a blunt end. 
followed by a digestion with Afl H]. The required pieces of DNA were isolated from the 
electrophOTesis gels as small agar blocks after visualization under trans-iUutninaied UV 
radiation, and were purified from the agarose by beta-agarase enzyov^; Onb ui^t of bi^ta>^ 
agarase per 100 ul of agarose gel approximately in the IX beta-agiarose buffer (New England 
Biolabs Inc.) was employed to digest the agarose and to purify the DNA according to the 
protocol recommended by the supplier (New England Biolabs Ind., USA).. : The purified 
DNAs were quantitated and vector and insert were ligated in a 1:5 molar ratio in a 20 ul 
reaction, carried out at 16 ''C for approx. 18 h. For the ligation reaction, 2 ul of 10 x ligase 
bxifiFer, lul of 10 mM rATP stock, and 2000 Weiss units of T4 DNA ligase were used- The 
DNA from the ligation mixture was precipitated with n-butanol» aiid used directly to 
transform electrocompetent E. coli XL-Blue cells. The transformation mixture was plated on 
LB-Amp plates. The positive clones (repaired pRT23(d)-SK) were screetted from the vvild- 
type background on the basis of Nco I digestion (the insertion of the PGR ami^lifiic&d segment 
in the vector would result in the loss of the Nco I site). Two of the clones (pET$K-NTRN, 
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for 'N-terminally repa^^ native*) obtained after this screening wif^^er! corifirmied using 
Sanger's method of nucleotide sequencing; i^ch showed consplexe fidielity with the kno>vn 
full-lengA native sequence of the S. eqummilis SK -encoding DNA (Cf. Fig* 1 1) except the 
presence of an extra ATG codon at the 5*^end of the ORF, and no niiitalioti/aiti^ticsi . at the 
upstream promoter regions or downstream sequences in the plasnii4 could ohsery^ 
DNA from these confirmed clones were then transformed into £. coJi Gii>21 strain,, and 
expression of intracellular SK in liquid culture was examined after , induction . wi]tih IPTG 
according to the protocol described earlier, essentially by andyses of cell^Iysates dn SDS- 
PAGE. However, no band corresponding to standard SK was visible on SDS'^PAGE. The 
possibility of the presence of low levels of SK was then checked by Western Blotting 
analysis of the lysates as it is a more sensitive method w^en compared to a direct 
examination of che SDS-PAGE gels by Coomassie staining. h:i this case; indeed, fmnt band 
corresponding to the position of standard SK on the Western blots couici' be clearly discemed» 
which showed that the levels of expression of the native SK gene wa:s poor. 

The possibility that the sequences in the native SK-encoding DNA polynucleotide block 
corresponding to the N-tenninal residues could be fonning strong secondary structure/s in 
the encoded mItNA transcripts that might be hindering the expression wais exaiiained 
through computer-assisted analysis using the program DNASIS (version S,0). This 
unambiguously demonstrated thai the potential for forming highly stable secondazy structure 
by the N-terminal end of the SK gene was appreciably strong (free en^gy approxiitiately - 
10 Kcal/mol: see Fig. 12 A). Translationally silent mutagenesis of the. gene at its 5' lend was 
then carried out to disrupt and/or reduce this secondary structure by r^Iacement of GC rich 
codons (that are more likely to promote secondary structure^fomulition in the mRNA 
transcript) with AT-rich codons, wherever possible. Tlirotigh this procedure 5ev^:*al 
sequence/s« altered specifically at the S'^nd and possessing lowered stability (-6 to "S 
Kcal/mol) as compared to that of the native sequence^ were obtained. One of these 
sequences, that resulted in maximal destabilisation of structure^^fonning potential to approx^ ^ 
5 Kcal/mole (Fig. 1 2B), was chosen for the expression studies. 

The preparation of an expression vector containing a full-length:, ; native $1Cri^ncodihg 
polynucleotide segment but one with a modified (i,e. non-native) DNA sequence at its 5'^d 
with less structure-forming potential was carried out as shown schematically in Fig. 13 using 
a combination of synthetic DNA cassette incorporation and PGR-jbased stmteigy. The 
alternate sequence to be incorporated at 5 -end of the SK gene was provided through two 
homologous synthetic oligonucleotides (SC-I and SC-II, completnentaiy to each other excpt 
for overhangs at the end), whose sequence is shown below. Also indicated m bold type are 
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the altered nucleotid^^vhich resulted in a lowering of structur^JjLg potential in the 5'- 
end of the SK gene, 

5 VC ATG A TA GCT GOT CCT QAA TGG CTA CTA GAT CC3T OTi tClT C5^ 
AACAGCC-3* 
(Partial Ncol site) 

sen 

5'-AATTG_GCT GTT ATT TAG AGA AGO ACG ATC TAG TAG CCA tTG ApGACC 
AGCTAT-3' 
(Partial Mfe I site) 

These carried two new restriction sites (Ncbl and Mfel), introduced iby dlent TOUtagjgs^^ 
using the computer program GMAP (Cf. Raghava and Sahni» 1994.V BioTechhi4ues 16; 

1 1 16-1 123) without altering the amino acid sequence encoded by tfaiis segtnenl;: of Dh|tA so 
as to facilitate the cloning of the repaired SK*-encoding DNA ircto the expression yeictor, 
pET23(d)-SK (see Fig. 13 for &e overall cloning scheme for reconstnietioniof the N-tenninal 
region ofS, equisimilis SK-«ncoding DNA), The alterations were carried puit in two stages^ as 
deleted schematically in Fig. 14. In Stage I, a translationally silent restriction site (H^^e I) 
was engineered close to the N-teiminal end of the SK gene (overiapptAg cpdbn nutabers 17 
and 18 in the native SK sequence; see Fig. 3) since no unique site close to thd N'-texxninal end 
was available for incorporating a synthetic DNA piece for purposes of altering :thi9 region in 
the plasmid. An upstream PGR primer (tenned 'Mfe I primer') incotporaling ^is potential 
Mfe I site (underlined in the sequence of the primer) was syn^sized with the fbllbiwing 
sequence. 

Mfe I primer: S'-C-AGC- CAA-TTG -OTT-GTT-AGC-GTT-GCT-3' 

A synthetic oligonucleotide containing an Afl II site (tennedRG-6, ' which has^; been 
described before) was used as the downstream primer. 

These two primers were utilized for the amplification of the SK sequenced encoding the N- 
tenninal region using pju DNA polymerase. The following reaction conditipn$ and cycling 
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parameter's were xi^eJ^^i^tii nrnvmerase Duner loouiecnc ^^muvj each of t|jc dlSTTP'js, 



^jf^fii polymerase buffer (Stiutgene Inc.), ^^^^ 
Mfel and RG^ primers: 20 pmol each, pET23(d)-SK vector as template (2 tig), Pfu 
polymerase 1 ul (2.5 units), total reaction volume 100 ul. A Tiot starf was given for 5 iiiin at 
95 **C, followed by denaturadon for 1 min at 95 "C, aimealing for 1 rrun (it 45 X, and 
extension for 1 min at 72 "C. A final extension at 72 X for 10 min v^s also incoypOTiited in 
ttie program. As expected from theoretical considerations, a 141 -bp long SK rej^ibn was 
amplified. The PCR product was phenol-chloroform purified and precipitated using 
isopropanol after adjusting the salt concentration to 0.3 M with 3 M NaOAC. Tlie 
precipitated product was dissolved in 25 ul sterile dist, water and kinased in a 30-xil reaction, 
after adding 3 ul Multicore buffer (Promega Inc., WI, USA), lul (lO units) of T4 PNK 
(Promega) and lul rATP (10 mM stock). ITie reaction mixture was incubated at 37 °C for 2 
h and then stopped by heat-inactivating at 65 X for 20 min, and the DNA purified usiiag : 
phenol-chloroform and precipitated with 2 voluines of isopropanoL The pBluescript it KS(-) 
vector was digested with EcoRV restriction enzyme and then dephosphorylated using CIAP 
using a standard protocol. Both the kinased PCR product and dephorphorylated pPluescript 
TI vector were quantitated by A26O measurements in a 100-uL cuvette, and tise vect(»* and 
insert DNAs were ligated in 1:10 molar ratio of vector: insert by taking 590 ng vector and 
280 ng insert in a 20 ul reaction after adding appropriate amount of ligase enzyme (approx. 
500 Weiss units) and ligase buffer containing rATP. The tigation reaction was inciib^d at 
16 °C overnight. The ligation mixture was heat inactivated (65 °C, 30 min), the Dl^A was 
butanol-predpitated, and approx. one-fifth electroporated into E, coli XL-Blue 
electrocompetent cells. The traosfoimanls were screened by platiiig thrai on LB-Atnp plates. 
Ten transformants were picked up and inoculated for minipreparatlon of plastntd DNA; The 
minipreps were then digested with Mfel and Aflll enzymes sequentially to ideniLfy the 
positive clones containing the 141 t>p insert. Unmodified pBluescript was kept as control. 
All the transformants were found to be positive by this criterion. This construct was labelled 
asp(Mfd[-AflII)-SK. 

Stage-II: The oligos SC-I and SC-II in equimoiar amounts (appfrox, i70 ng each) in 25 uL 
were annealed by cooling their mixture from 80 °C to roorh temperature slowly. 
Approximately 5 xig of pET 23(d)SK and 10 ug p(MfeI-AflID-SK vectors vyere ^ligested with 
Afl U/Nco I and Mfel/Aflll, respectively, for vector and insert prepiarations. Twenty five 
units each of Mfel and Aflll were used for vector prepartion and 50 units were uised for 
insert preparation. The enzymes were added in two shots of 12.5 units and 25 units in each of 
the reactions. The pET23(d>SK vector was digested in a 60ul reaction, and p{MfeTrAflH)SlC 
was digested in a lOO^ul reaction. The pET23(d)-SK digestion mixture was run on a i% low 
melting agarose gel for vector preparation and the p(Mfel-Afill) SK digestion mixture Was 
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rllPgel for isolating the 1 IS bp insert. BoJ^^vi 



run on a 2 % agar"gel for isolating the US bp insert. Bot^^vectprs wid insert bands 
were cut out from the agarose gel and v/ere purified using beta-agarase and quarttitated.: 
Then, a mixture of Nco I and Afl H digested pET23(d)-SK vector, annealed SC-I ai^ SC^H 
oligos, and Mfe T-Afl U insert of p(Mfe I-Afl II)-SK vector were ligated iii a ligation 
reaction in a 1:7:5 molar ratio in a 20 ul reaction <see Fig. 13). In the actual reaction, approx. 
660 ng of the vector, 92 ng of the insert and 60 ng of the annealed oligos we takea The^ 
mixture was ligated by adding 2000 Weiss units of Ugase into the reaction. The reaction was 
incubated at 16 °C overnight. The ligation mixture was n-butanol-precipitatecj, *ied, 
redissolved in 10 uL TE and approx. one-third used to transform ^. coli XL-1 Blue 
electrocompetent cells. The transformants were screened on LB^Amp plates, Ten 
transformants were picked and inoculated for preparation of minipreps. All tbei niinipreps : 
alongwith pET23(d)- SK as control were digested with Nco I en2ynijB to search fer the 
positive clones. Only one clone, as well as pET23(d)-SK, gave digesjtiori with Nco: I which = 
indicated that the remaining 9 clones were positive for the desii^ constiruci. Ot^ pf the 
clones was then completely sequenced by automated DNA sequencixig using Sai:«er's 
dideoxy method, which showed that the N-teiminal region was now fulHength i^e. encoded 
the native SK sequence plus a N-tenninal methionine, containing exactiiy the sequence 
expected on the basis of the designed primers, SCrl and SC-II with the altered codcms at thq 
5' end compatible with potential for secondary structure reduction in. the; mRNA^ 
transcripts(s6e Fig. 14). In addition, the DNA sequencing established that no other mtrtatiort 
was inadvertantly introduced in the SK ORF in during the reconstructicm protbcol. Thi^: 
plasmid vector-construct, temed as pET23(d) SK-NTR (N-terminally reconstructed) has 
been deposited in the Microbial Type Culture Collection, Chandigarh, India (MTCC) wiA the 
accession No. BPL 0017. The plasmid DNA from tiiis clone was then transfomed into coli 
BL-21 DE3 strain for expression studies. The E. coli BL-21 cells v/&re grown in liquid 
culture and induced with 2 mM IPTG at an ODgoO of -0.6 for the induction of SK, as 
detailed earlier. The cells were then pelleted by centrifugation and lysed in SDS^PAGE 
sample buffer and analysed electrophoretically by SDS-PAGE on 10 % acrylamide gel. It 
was observed that the level of SK (47 kD band) was approx. 25-30 percent of the total 
soluble proteins, a substantial increase compared to the very low expression^ observed in the. 
case of the construct with the native N-terminus (pET 23(d)'SK-NTRK). 

Example 2. Harvesting of intracellularly expressed SK from K colU purificaticm of SK 
protein, and characterisation of highly pure and biologically active SK. 

Glycerol stocks of coli BL-21 strain harbouring plasmid pET23Cd)SK-NTR, maihtained at 
-70 C, were used to prepare a seed culture by inoculating fi:eshly thawed glycerol stock' 
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(approx. 100 uL) into of LB medium (iu a 500 ml conical cbnUining 50 ug/ml 

of ampioillin. Th6 flask was incubated at 37 *»C with shaking on a rbt^ shaker at 20O r.p.m. 
for 16 h. This culture was used to seed four 2 L Erlenmeyer flasks each containing SOQ inl of 
the same medium (LB-Amp) using 5 % (v/v) of inoculum. The fladcis were incubat^jat 37 °C 
with shaking (200 r.pjcn.) for a duration till the absorbance at 600 tm had reached 0,5-0.6 
(-2 h after inocxdation). At this time, IPTG was added to the cultures to a final cone, of 2 mM 
and incubation, as before, continued for a further 3 h. The cultures were then chiilpd on ice 
and processed for the next step immediately. The cells from the = culture media were 
harvested by spinning them down by centrifugati0n at 6000 x g in a !GS-3 rotor (Sorvall) for 
30 min at 4 **C. The supematanls were discarded and the cbrobinpd cell-pellets carefully 
resuspended by vortexing in 65 ml of lysis buffer containing a chaotrppic agent for effectiBg 
release of the cellular contents. The composition of the cell lysis buffer was as foUowis (final 
concentrations are given): 6 M guanidine hydrocidoride and 20 mM sodium phosphate buffer, 
pH7.2. 

The E. coll cell suspension was shaken gently on a rotary shaker at 4 X fof 1 h to effect 
co^^)lete cell lysis. The lysate was then subjected to centrifiigation at 4 for I S min at 9000 
r.p.m. The clear supernatant (containing approx. 300 mg total protein as determined by the 
Bradford method) was then processed further, as follows (all i subsequent steips were 
conducted at 4 ^C, and all buffers and other solutions used were also maintained al 4 "C). The 
supernatant was diluted 6-fold in which flie cone, of Gdn.HCl was 1 M; simultaneously, 
aliquots of a stock solution (O.S M) of sodium phosphate buffer, pH 7»2, and N^Cl (stock 
cone, 5 M) were added to obtain 20 mM and 0:5 M with respect to sodium phosphate and 
NaCL respectively, in the diluted cell lysate supernatant (fmal voluihe ZOOml )* The mixture 
was gendy swirled for a few minutes^ and then loaded onto a 100 ml bed volume (4 cm 
internal diameter) axial glass column for hydrophobic interaction cfai^iatography (HIC) on 
phenyl-agarose-6 XL (AfiBnity Chromatography Ltd,, Isle of Man, U^K.) coupled wth an 
automated liquid chromatography work-station (model Biocad Sfyriht, Perseptive Biosystems, 
MA, USA) capable of continuous monitoring of effluents at two wavelengths simultaneously, 
and formation of predefined gradients for elutioh. The column was prercqmUbrBted with O.S 
M NaCl in 20 mM sodium phosphate buffer, pH 7.2 (running btiffer) onto which the 
bacterial cell lysate was loaded at a flow rate of 851 rol/h. The flow-through was^ colleeted, and 
the column washed with rurming buffer (400 tnl total) at the same flow rate, followed: by the 
same volume of nmning buffer devoid of NaCl ( washing steps). The SK was theii cluted with 
dist. water (pH 7.0) at a slower flow rate (35 ml/h). All the effluents were collected in 
fractions (25 ml each) and the SK activity as well as protein content in each fraction was 
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decermined. VirtujJL of the loaded SK activity was found to the coluiim, lesp than 

5 % of the total activity being found in the flow^through and washings. Appr6xin«itely 85-:90 
% of the loaded SK activity was recovered at the dist. water elution step, SDS-PAOE 
analysis showed the presence of a predominant band of 47 kD mijgrating alongwtth native 
SK (purified from S. equisimUh H46A) run as standard. The SDS^PAGE as well as die 
activity analysis showed the SK to be 85-90 % pure at this stage when compared to the 
unpuiified cell lysate. The SK in the dist. water elute was then mkde 20 mM in wdiuiB 
phosphate, pH 7.2 (running buffer) and loaded at a flow rate of approximately 300 ml/h onto 
DBAE-Sepharase Fast Flow (Phaixnacia, Uppsala, Sweden) packed in a 1,6 ^ 2Q,(M axial 
glass column pre-equilibrated wifli the running bufer. The column wie^ theo waisbed^with 200 
ml of the same buffer, following which it was developed with: a NaCl gradient <0-0.6 M) in 
running buffer (pH 7.2). All eluates fix>m the column were saved with pn.automatejd;fraction 
collector. Ten-ml fractions were collected, and SK activity as well ais protein was cstiurnate^ 
each. AliquDts from each fraction were also analysed by SDS-PAGE to examine thfe i^ative 
purity of the eluted protein. The flow-through and washings were essentially devoid of SK 
activity, but approximately 80-85 % of the loaded SK activity eliited at ajotmd 0.35 NaCl 
in the gradient as a single symmetrical peak (containing a total of 42 mg protein). The 
specific activity of this protein was 1.1 x 10^ I.U7mg. On SDS-PA<JE, it showed ^ single 
band co-migrating with standard natural 5. equisimilis SK. A densitometric analysis: of the 
SDS-PAGE gels revealed that the background protein/s in the final purified SK r^n^sented 
less than 2 % of the total Coommassie stainable content. The overall SK recoveiy with the 
purification process was found to be approx. 65 percent. 

The purified recombinant SK expressed in cdii was characteriased physico-chenaiically by 
several other criteria in order to compare it with natural SK. By the clot lysis procedure, it 
showed a specific activity of 105,000 lU/mg, under conditions where natural SK frpm S. 
equisimilis strain. H46A was found to h^ve a ^ecific activity of 110,000 lU/mg protein. 
Upon reverse phase high performance liquid chromatography (RP-HPLC) on C-18 cphmms, 
both SK types were indistinguishable, showing the presence of a single symmetrical ;peak at 
the same position when eluted with a gradient of gradually increasing ACN concentration. 
By UV spectroscopy, the recombinant SK was found to be identical to the natural SK. TheN- 
terminal amino acid sequence of rSK was found to be identical with that of mittiral SK^ 
except for the presence of an extra methionine residue at the N-terminus (the sequencing was 
canied out for 25 cycles). 
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Example 3. 

Construction of a hybrid DNA polynucleotide between SK-encoding UNA and fibrin: biiiding 
domains 4 and 5 encoding DNA of human fibronectin, its exprtsssion in K colh dKidative 
refolding, and purification of biologically active chimeric protein. 

The scheme followed for the construction and expression of a chimeric (hybrid) 
polynucleotide DNA block formed between the DNA encoding for residue^ 1 to 383 <5f SK 
followed by in-frame joining to the DNA coding for the FBD 4 and 5 of human, fibronectin is 
shown in Fig. 16, A short linker DNA segment, coding for 3 glycine residues, in tandem, 
between the two polynucleotide -segments was incorporated into the design (termed 
'intergenic sequence') (see Fig. 15) so as to provide flexibility to fhe expreissed cliimeric 
polypeptide product. In addition, a new terminator codon was intrtwluced iit the erid of the 
FBD(4,5) DNA so that the hybrid ORF encoded for a polypeptide Ending after the two 
FBDs- Thus, the design essentially had the following configuration: SK[tesidues l-383Hsly" 
gly-gly).[FBD(4,5)]. In addition, a transglutaminase recognition site was also engineered in 
the gene-design directiy after the intergenic sequence so that the expressed, hybrid jffotein 
could become covalentiy cross-linked to fhe fibrin strands of the clot (Fig. IS)- A two-stage 
PC!R*based experimental strategy (Fig. 16) was employed to construct th^ hybrid 
polynucleotide. A polynucleotide -block containing fhe sequence Coding for domains 4 and 5 
was first selectively amplified using the plasmid pFHMG-60 dis template. The latter 
contained the DNA encoding for all five human FBDs (Fig. 1 6), This ami*lification reaction 
(PCR-I) was carried out with specifically designed forward and reverse primers with the 
following sequences. 
Forward primer (MY 131: 

5'-CCG GAATTC GCG CAA CAG ATT GTA CCC ATA OCT GAG AAO TGT Tl^ OA-3' 

Eco Rl Transglutaminase- hybridizes to upstream :FBD(4i,5) sequences 

recognition sequence 

Reverse primer (MY 14): 

S'-GGC CTT aAG AGC OCT CTA ACG AAC ATC GGT GAA GC^ GCG TCT A-y 
'clamp' Afln Eco 47 ITT stop hybridizes to downstream FBD(4,5) sequences 

codon 

Note;- In the above primer sequences, the 5 - ncm-hybridising sequences (bold) as well as the 
hybridizing ones, towards the 3'-^ds of the primers that are complementary to seltsjctBd 
segments of fibronectin FBD(4,5)«encoding DNA sequences are show^u In tiae S'rnon- 
hybridizing ends were also incorpomted new R. E. sites by 'sil«nf mutagenesis, a 
transglutaminase(TG)-encoding site and/or stop codon sequences, as indicated above 
(underlined). The start of the hybridizing sequences in primer MY-D correspond to ihe 
begining of the sense strand sequence of FBD(4,S), namely residue 150 onwards (refer to 
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Fig. 6 for the an^iHacid and DNA sequences of the fibrfl^Bdm^ domains of human 
fibronectin). In case of primerMY-14, the begining of the hybridi^: siquehcp (anri 
correspond exactly to the codon for residue 259 of human fibibii^fcm (Cf. Fig; 6). The 
■clamp* mentioned in the figure refers to the ejrtra nucleotides added at the 5' end of a primer 
to fecilitate the digestion at the nearby ILE. site which, otherwise, is poorly digejsted when 
present at or near the end of a DNA fragment generated by PGR. 

As described above, the forward primer contained a segment at its 3' end that was 
homologous with the 5* end of the DNA encoding for ihe FBD(4,5) ; S!B(iuences, and also 
contained a 5' (nonhybridizing) segment that encoded for a TG-recognitibn site well as 
RE sites to fecilitate the cloning of the PGR product in a plasmid vectbr. This plasmid, 
containing the FBD(4,5) gene-block and additional 5* sequences wfsas then, employed as 
template for a second PGR (PCR-U) using a set of primers (RG-3 and MY-14). Prirn^ RG-3 
was designed so as to contain the other desired elements of the intergienic segment viz;/ the 
codons for the gjy-gly-gly residues, as well as those encoding for a small segment of SK 
(see Fig. 15 and 16) directly after a unique R.E. site (Bsm T) present naturally in the C- 
terminal region of the native SK ORF (approximately overlapping the codons 377 dnd 378 of 
the S. equisimilis SK open-reading-frame; Cf. Fig. 3 and4). This sit© was chosen as the 
common, junction-point between the two polynucleotide blocks (i;e.= SK and FBD) to be 
integrated Additionally, unique restriction sites flanking the intetgenic (i.e. in and iaround 
the -gly-gly-gly-) sequences were also designed into the upstream primer through 
translatLonally silent mutagenesis that could be exploiteid to substitute ^tetnate 
oligonucleotide cassettes at the intergenic region of the hybrid polynucleiolide that would 
provide altered flexibility and/or rigidity characteristics in fhc expressed polypeptide 
different from that provided by the (gly)3 linker (Cf. Fig, 15). 

The sequence of primer RG-3 is given below highlighting featises ihcristpdrated in its design 
(bold letters denote non-hybridizing segments towards the 5'-end of the primer to distinguish 
these from the sequence complementaiy wifh respect to template DNA). 

y- GAATGCT AGCTACCATITAGCT GGT GGJ pgg q/^^ GCG CAA CAG ATT GTA CCC 

Bsm I Bst X Xcin I Bal I segment hybridldilg: witb ttie 

(hybridizes to SK gene at 5'-end pf DNA block fironi FCR4 

codons 376- 383) (-(jly-gly-glyO aitbe TO r^gnition site 



The amplified DNA obtained from PCR^II using primers RG-3 and MY'*^14 wais treated with 
Bsm I to "dock" it at the Bsm I site in the SK ORF in vector pSKMG4dO at: one fesnd; and 
with Eco 47 III (which produces blxmt^nds) to facilitate blunt-«nd cloiiiag at the fiUed-in 
Bam HI site present after the SK open-reading-frame (ORF) in the plasmid vector (Fig. 16)* 
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The following reaction conditions and PCit parameters weie used. PCfcl (GM reaction 
conditions in a 100-uL reaction); 20 pmol of each of the MY-IS and MY-14 prim^^ 
pFHMG-60 vector as template (I ng), 200 uM each of the dNTP's. Pfu polyjo^Etase tul (2,5 
units). Pfd polymerase was added at 94 "^C i.e. a hot start for 5 min wa? given to avoid non- 
specific amplification- The following cycling conditions were employed: denaturation ^t 92 
"C for 45 seconds, followed by nTinealing at 60 X for 1 min, and extension at 72 °C for 1 
min. A total number of 30 cycles were given, followed by a final eKtension for 10 miti at 72 
The reaction yielded a single 360 bp PCR product as se^sn on a 2% agar<ise gel 
alongwith standard PCR markers. The amplified product was then clojtied into pBlwaeript II 
KS- at the EcoRI site (refer to Fig 16) which had been introduced in the PCR product as a 
overhang. The PCR reaction mixture was pimfied iising standard methods^ and then kinased 
with T4 PNK enzyme. The kinased PCR product was ligated to concatarnazize the PCR 
product in order to internalize ttie EcoRI site to facilitate clohing of the DNA using the 
procedure of Jung et al. (Jung, V., Pestka, S.B., and Pestka, S^. 1990, Nucl Acicls Res, 
18:6156). The ligated DNA miTCture was then digested with EcoRI foUowpd by 
electrophoresis on a 2% agarose gel to check the efficiency of Ihe ligaiioti arid dlgestibn 
steps. The band representing EcoRI-digested PCR product was cut out from the gel and 
purified. Approximately 400 ng of the PCR product was ligated with lug pf pBlue$criptn , 
(K5") pre-digested with EcoRI and then dephospoiylated. Approximately 2 ul of the ligation 
mixture was directly used to transform £. coli DH 5-alpha electrbcomp^tent cells. The 
transfonnants were selected on LB-Amp plates containing IPTG aud X-gal Osixig Mue and 
white colony selection. Ten white transfonnants were picked and taken up for 
minipreparationof plastnid. The plasmid DNAs were digested with EcoRI crizym amdAe 
digests analysed on 1.5 % agarose gels. The transfonnants releasing 360-bp insert (tbersize of 
the PCR product) were taken as positive clones. Nine of the ten clones were found to be 
positive by this criterion. One of the above clones was then confirmed for the absence of any 
unexpected mutations by automated DNA sequencing by Sanger's procedure, and used as 
template for PCR-II employing RG-3 and MY- 14 as primers so as to add additional 
sequences at the 5' end of amplified FBD sequences in the cloned PCR-I product. The PCR- 
I had resulted in the addition of a TG recogtiition site and a stop cpdon onto :the original 
FBD(4,5) gene-block, whereas the stage-II PCR was carried out to effect the addition of the 
poly-glycine linker and overlapping SK sequences onto the FBD(*.S) gene-blbck. The 
following reaction conditions and cycling parameters were used for cairying out pCRrll. 
Each of the dNTP's : 200uM, PCR -I product cloned in pBluescript 11 (K5^) as template 
(linearized) 260 ng, RG-3 and MY- 14 as forward and reverse primers (100 pmol each), 5% 
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DMSO (v/v), I ul Tai^4A polymerase (2.S units) in a total i^fti-volWe of 100 ul. 

Cycling parameters were similar to that of PCR-I except that the annealing t^JSlper^ture was 
lowered to 58 *'C. An aliquot (aprox. one-tenth) of ihe PGR -11 was run on a 1.5% agarose gel 
to check for amplification- As the Taq polymerase does not produce blunt ended: PGR 
products (unlike pfii polymerase) but ones with a single-base oveihangs (rdference ), the 
PGR product was fffst filled-in, and then kinased. These two modifications wero earned out 
in a single reaction at 22 ''C for 30 min using 10 units each of die T4 DNA polymera^ ^d 
T4 PNK (total volume 85 ul). In addition, 8 nmol dNTP's as well as I mmpl rATP were 
added to the reaction (all indicated conconcentrations are final). The reaction !was stopped by 
adding EDTA to 10 mM followed by heating the Uibe at 70 ''G for 10 min. . The filled and 
kinased PGR product was subjected to a phenol-chloroform treatment and precipitated Uith ; 
two volumes of ethanol in the presence of 0.3 M sodium acetate. The pellet was redissiolved 
in 20 ul of dist water. Approx, 15 ul of this DNA was ligated in order to cb^Miatemame the 
PGR product For doing the ligation, IX Universal Buffer (supplied: by Strat^ene Inc.), lul 
(of a 10 mM rATP stock) and 400 weiss units of T4 DNA ligase were added to a :2S ul 
reaction. The reaction was incubated ai 16 ""C overnight, llie ligase Was; he^-inactivated at 
65 **G for 10 min. The concatamerized PGR product was then first digefsted! with Eco47 IH 
(approx. 20 units) in a 25 ul reaction at 37 X for 6 h and then the DNA was digested with 
BsmI enzyme at 65 "G for 6 h after adding -20 units of BamI enzyme in the^ same i^eactton. 
In parallel, the vector pSKMG-400 (approx. 4 ug), containing the SK genj^t, was digested 
with BamHI en^me according to standard protocol and the digested jDNiA was fUled-in' 
using T4 DNA polymerase in the presence of lOOuM dNTP's and O.SmM EiTT; The reactic»i. 
was incubated at 37 °G for 1 h. The reaction was stopped by heating the tube at 75 ^'C few 10; 
min. Then the BamHI filled vector was digested with BsmI enzyme by incxibating at 65 '^C 
for 6 h. The vector was purified by a phenol-chloroform tretametit ifotlbwed^ by a 
chlorofonn-isoamyl extraction, followed by ethanol precipitation of the. DNA » Then the 
Eco47ni and BsmI doubleKligested PGR product and BamHI-digested and fiUed'^iti plus 
Bsml"digested pSKMG-400 vector were ligated (refer to Fig. 16 ) in a 20-ul reaction by 
incubating at 16 **G for 14 h, after \\Wch the ligase was inactivated by heating at 70 *C for 10 
min and then the DNA was precipitated with n-butanol. It was then used | to tr$nsfdrm E, 
eoli XL-Blue electrocompetent cells. The transformed colonies were then tielected pn LB-- 
Amp plates. Ten transformants were picked and screened for the presence of title diagnostic 
test, namely the release of a 372-bp firagment after digestion with Notl and; BsmI enzymes, 
in contrast to a 295-bp fragment from the control plaamid, pSKMG4pO siiice the jpositive 
clones contained the additional FBD(4,5) segment Eight clones froia the ten seledrefdrcumed 
out to be positive by this criterion. The positive clones were desi^ated as pSKMG400- 
FBD(4,5). One of these was subjected to DNA sequencing ^^Wch confhined th^ presence of 
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the expected sequei^t the and a complete absence o^ftther mutation: in the rest 

of the gene-block. 

For the expression of the SK-FBD(4,5) hybrid polynucleotide DNA iniiraceHulartly in £. 
eali, the scheme shown in Fig. 17a was followed. The Bsml^Notl DNA piece ftoin 
pSKMG400-FBD4-5 [begining from that encoding for the C-terminal portion of the SR gene 
and caning the intergenic linker region, the FBD(4,5) segments, and ending after the; stop 
codon for this ORF at the Not I site originating from the mviitiple cloning site (MGS) of tfee 
parent vector] was transferred into plasmid pET23(d)SK-NTR digested -with the same 
restriction enzymes. The digested vector and the DNA segment from pSKMG400^FBP(4,5) 
(insert) were isolated from 1% agarose gels after beta-agarase digestion, as desciij)ed earlier. 
The vector and insert DNA were then ligated by standard procedures using * vector: ihsert 
molar ratio of 1:5 (approximately 590 ng of the Bsml/Nofl doubl&Kiigested vector and 250 
ng of the Bsml/Notl double-digested insert in a 20-ul reaction). DNA from the ligation 
reaction was butanol precipitated and directly used to transform £. coU XLA Blue electro- 
competent cells. Transformants were selected on LB-Amp plates. Ten transfbrtnants: were 
picked up and taken up for plasmid minipreparation. The miniprep DNAs were digested with 
BsmI and NotI enzymes, alongwith pSKMG400-FBD(4,5) as control, three clones gave 
BsmJ/NotI insert equal in size to that of the insert liberated from pSKMG400-FBD(4,5).Ohe 
of the clone, designated pET23(d)SK-NTR-FBD(4,5) and deposited with UTCC with 
accession No. BPL 0O14, was then fully sequenced by automated DNA sequencing in and 
around the SK insert (see Fig. 17b for the gene sequence). All Che 3 positive cloriies were 
transformed into E, colt BL-21 strain and were induced for the expression of SK-FBD{4,5) 
hybrid protein using the standard protocol described before. The £. coU BL-2 J cells 
harboring the plasmid pET-SK^FBD(4,5) were induced with 2 mM IPTG at -O^SOD^Ott 
were further incubated for 3 h at 37 ^C, In parallel, cultures were also growm where- IPTG 
addition was omitted (uninduced controls). Cells from 1.5 ml of the cultures were peileted 
down by centrifugation and were directly lysed in 100 ul SDS-PAGE sample buffer. After 
high-speed centrifugation (8000 g x 20 min) to pellet undissolved components, approx. 25 ul 
of ftie supematunt of each of the samples (alongwith lysate from pET23(d) SKrNTR, as 
positive control) was loaded onto 10 % SDS-PAGE gel and subjected to electrophpr^tic 
analysis. The gels showed distinct bands of 57 kD in the IPTG-induced cultures (rdughly 
representing 20-25 % of the total Commassie-stained protein bands in ttie gel), indac«fcting 
that the hybrid SK-FBD(4,5 ) fusion protein had been expressed at lugh levels* In tte case of 
pBT23(d)SK-NTR harboring cultures, a band conesponding to 47 kD, the position of native 
SK, was observed. In parallel, SDS-PAGE gels were subjected to the plasminogOT-overlay 
procedure, which showed distinct zones of clearance by the 57 kD hybrid prote^i. however, 
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these zones were p^^ced with a distinctly slower rate in coi^l^jn to those produced by 
native SK or the rSK expressed in intracellularly from pET23(d)Sk-NTR. 

Ten ml of LB-^Amp media were inoculated with E. coli BL21 cells= harboring pET-SK-jpN 
(4,5) and incubated at 37 X for 12 h with shaking (200 r.p-m.)- Thiis inoculum was used to 
seed 200 mi of LB-Amp medium, and incubated for 2 h at 37 °C with djaJdj^g. At this time, 
the ODfiOO of the culture was approx. 0.600. The production of SK-FBD(4;5) protean in this 
culrure was Aen induced by the addition IPTG to 2 mM, and incubation continued for 
another 3 h at 37 °C with shaking. The OD600 reached 1 .2 by this tirap. The cells Were 
harvested by centrifugatiion (8000 g x 20 min) at 4 "C, washed once with. ST buffer, and 
resuspended in approx 14 ml of the same bufifer over ice. This cell suspension was then 
subjected to sonication in the cold (20 sec pulses with 20 sec. gaps; total time 15 min). The? 
lysate so obtained was then centrifuged (lOOOO g x 30 min) at 4 •'G. The supernatant was 
carefully decanted into a separate flask. This solution contained appipox. 6rng/ml protein as 
estimated by Bradford's method using BSA as standard, and had a total of L5 x 10^ I.IJ of 
SK activity as measured by the chromogenic peptide procedure (see description of methods, 
given above). The lysate was then split into two portions of -6 ml each to effect either air 
oxidation or glutathione-mediated oxidation of the SK-FBD(4,5) polypeptide. For the air 
oxidation^ the 6 ml lysate was diluted to a total of 40 ml of solution (reaction mixture A) 
which contained (final concentrations): Tris-HCl (pH 7.5), SOmM and NaCl, 150 mM, In 
reaction B (reoxidation using the reduced-oxidized glutathione buffer), the final voliune was 
also 40 ml, but it also contained [besides NaCl (ISOmM) and Tris-Cl (SOmM)], a miixture of 
GSSG and GSH (1:10 molar ratio, with GSH at 10 mM) and EDTA (ImM), Both reactions 
were subjected to gentie yn^vitig at room temperature (24 pliis/minu$ i '*C) fat 10 min and 
then passed through two separate glass columns each containing^ 6 ml human fibrin- 
Sepharose at a flow rate of 20 ml/h in a recycled mode i.e. the efSuent was passaped.:b^k 
into the column with the use of a peristaltic pump. After 18 h of passage through , the 
respective columns, the flow of the reaction mixtures was terminated. Each column was 
then washed with 50 ml of binding bufifer (SO mM Tris-HCl, pH 7.5, and 150 mM NaCl) 
followed by SO ml each of 2 M urea (m binding buffer), folloed by 6 M urea in the same 
bu£fer (to effect tightiy bound protein). All washings were collected in 10 ml fractions with a 
fraction collector, and analyzed for protein by Bradford's method, as well as SK activity using 
chromogenic substrate and human plasminogen as substrates was also determined for each 
fraction- The total yield of protein in the 6 M urea washings was 280 iig in the case of 
reaction A (air oxidation), and 380 ug in case of Reaction B (GSGrQ$SH mediated 
refolding). These two pools represented, respectively, the fibrin-binding SK-FBp(4,5) 
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protein obtamed afte^^ oxidation or glutathione-catalyzed refl^^ of the inlraceljular 
protein expressed from the plasniidpET23(d)SK-FBD(4,5). The specific activity of ^th tj>e 
fihrin-Sepharose binding protein fractions from Reaction A and B were found to be akiiost 
identical (2.5 xlO"* lU/mg and 2.1x10^ LU^mg, respectively). The dilute protein fractitoS 
were concentrated approx. 10-fold with centrifugation in Sartorius penljistart filteifs. The 
concentrated fractions were flien analyzed by SDS-PAGE, with and without mdiiclion with 
beta-mercapioethanoL On reducing SDS-PAGE (i.e, with beta-mercaptoethanbl tieiatmient of 
the samples), the reoxidized-refolded SK-(FN4*5), inrespective of the method of reosddation, 
showed a single predominant band, but one ^vit^l higher MW (-^57 kD) as compared to the 
native SK standard (47 kD) as expected on the basis of the chimeric design of the hybrid 
gene. Essentially the same patterns were obtained when the SDS-PAGE waa conducted 
without beta-mercaptoethanol, a treatment wherein any of the cystine disulfide (S-S) bridges 
would not be reduced to cysteine -SH groups. This indicated that the refolded njiolecules 
contained essentially monomeric intra-molecular S-S bonds* and contjmed negligible 
quantities of higher molecular weight (i.e. polymeric) products formed due to ix^ter-znolecular 
S-S bridge formation between the SK (FM4,5) molecules as a result of the rexodiation step. 
When analyzed by the EUman DTNB color reaction for thiol groups (Habeeb, A.F*S;A,, 
1972,, Methods in EnsymoL 25:457., Academic Press, New York) these fractions showed the 
complete absence of any fr^e -SH group, indicating that the ondation of the (»iginal 8 
cysteines present in the reduced form of the chimeric polypeptides, to S*S bridjges, 
complete as a result of the reoxidation/refolding step. 

Example 4. Construction of a hybrid DNA polynucleotide between DNA eiicoding for^ SK 
and FBD pair 1 and 2« and cloning and e)^ession of the chimeric polypeptide in K calt 

The construction of a hybrid between SK and FBD pair 1 and 2-encodiiig pdlyh,bciieotide 
DNA in the same translational frame involved a strategy closely similar to that \itili2ed for 
hybrid construction between SK- and FBD pair 4 and 5-encoding polynucleotide DNAs 
(Fig. 18). The essential 'units' used in both the constructs were similar i.e., DNA encoding 
residues 1 to 383 of SK, a short polynucleotide sequence encoding for polyglycine Tinker 
between the two DNA polynucleotide blocks, and a transglutaminase (TG) recogrpiion site 
for cross-linking, removal of the stop codon of the $K gene and introduction of a new stop 
codon at the end of the FBD segments [either FBD(4,5) or FBD(1,2) etc]. This suratcgy also 
exploited the use of the Bsm I site of the SK gene as a common junction-point for the fusion 
between the SK and FBD(1,2) polynucleotide segments. However, the strategy diftiexed 
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from that employe<^J constnictmg SK-FBD(4,5) fusion in tha^j^iipliiicatiip^^ of fte FBD 
(1,2 ) domains was carried out in one stage, unlike that 

of SK-FBD(4,5) wherein two consequetive PCRs with differing 5'-primcrs were utilized 
(Example 3), This was because in case of the SK"FBD( 1,2) construct, a very large^ primer was 
not required as a TG recognition site is naturally present in the FN gene jiist at the begining 
oftheFBD-1 domain (Cf. Fig. 6), thereby obviating the need to einginBer a TG site in the 
upstream primer. 

Hie FBD pair (1,2) was amplified from the plasmid pFHMG-60 (containing iaU five: of the 
FBD encoding sequences of human fibronectin) with the following two primers whose 
sequences are provided below. Also shown are the 5- ends coitfaihing iiDhrhyhridizing 
sequences (in bold letters) and the incorporated RE sites therein to facilitate i:lonmg: and/or 
docking into the SK gene; the areas hybridizing with the target DNA sequenees in the 
templates are also underlined. 
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% 

Upstream primer, MY- 10 

SK sequence (podons 377-383; Cf. Fig. 3) : 

Bam HI Bsm I (gly-gly-gly-) hybrdizes at Ihr TG -ti^gnm.. 

site justibi^ote tihe FBD 
seqaiaiGesi - - ■ 

Downstream primer. MY-^ 

5'- GGC- CTT-AAG-AGC-GCT ^CTA TTA GAT-GGT ACA GCT-TAt-T^ 

'clamp ' Eco Rl Ecc 47 n Slop seqiwnce hybridizing "^^th FBD( 1 ,2) 

site codons codons 99-i04 (Cf Pig- 6) 

The following conditions were used for the PGR: Each of the dNTP*s: 200 yM; pPHMG^eO 
vector as template : 1 ng; MY- 10 and MY^ primers: 20 pmol each; pfii polymerase : 2-S 
units; IX pfix polymerase buffer (Stratagene Inc.), and a total reaction voJunie of 100 til; A 
Ijot start* was given for 5 min at 94 X. The following cycling paiiauneters were ujseid : 
denaturation at 92 °C for 45 sec, annealing at 50 *C for 60 sec, and extension at 72 °C: f<Sr 
another 60 sec, A total of 30 cycles were given, after which a flnial exterision was provM^ 
at 72 °C for 10 min. The amplification of the SK-FBD (1,2) hybrid cassette was checked by i 
loading one-tenth of the reaction mixture on a 2% agarose gel. This demonstrated, thai the 
expected DNA (369 bp) was satisfactorily amplified in the absence of any background bands: 
The amplified PGR product was then cloned into pBluescriptH KS(-) aft^ piiriificatipn 
through Qiagen PCR-purification column using the manufacturer's prbtbcbl, A^roxitnatoly 
2 ug of pBluescriptll KS(-) vector was digested with 10 units of Sma I restrictipn. eiuqiroc! in 
IX NEB-4 buffej: in a 20-ul reaction by incubating the digestion mixtuiB ^ 25 '*C for 12 b. 
The enzyme was inactivated by heating at 55 °C for 5 min and the linearized plasmid DNA 
was purified after electrophoresis on a 1% agarose gel. , Then, 150 ng pf; the SmU-digefited 
vector was Ugated with approx. 120 ng of the purified insert DNA (PCK product) id a 25-til • 
reaction after adding 2.5 ul of lOX (stock) ligase buffer (New HnglanLd Bioiabs Inc., MA, 
USA), lul of 10 mM rATP stock and 400 weiss units of T4 DNA ligase. ITxe Ugittioh was 
ddne by incubating the reaction tube at l6 °C for 12 h. After the ligation, the ligase wais 
inactivated by heating at 70 °C for 10 min. The DNA b the Ugiation mixture was 
precipitated with n-butanol and then dissolved in 20 ul of dist, waiter and approx. one-third 
used to transform coli XL-Blue eiectroccmipeteiit cells (Stratgeiie Inc., USA) by 
electroporation. Transformants were selected by plating on LB-Amp plates. Minii^rep 
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plaamid DNA was paired from eight selected clones aa^^^sed by agarose gel 
electrophoresis. The plasmid DNAs of the transfomants were nm oioijgwatb pure 
pBluescript n KS(-) to identify positive clones with larger molecular Weight (MW), 
signifying the presence of the PCR-generated insert DNA. Three itansfdntonts Wcirts found 
to be moving slower than the pBluescript DNA on 1 ,2 % agarose electroptejre^s, T6 ftirthet 
confinn that these contained the DNA insert, their plasmid DNAs were digested With EcoRI 
and BamHI en2ynies since EcoRI and BamHI were two of the sites that were introduced in 
the PGR product during amplification. This showed that a 370-bp fragment, co^spohding to 
the size of the PGR product was liberated, clearly establishing that these clones contained the 
desired cassette. This was finally confirmed by automated DNA sequencing by the Sanger di- 
deoxy chain-termination method which showed a complete coirespondence wiiib^ sequence 
expected on the basis of the primers and the target DNA viz., FBD(1,2) alongwitb a shott 
stretch at its 5*-end canying SK-specific and intergenic sequences. Thie sequencing; also 
established the absence of any other mutation in the amplified DNA. The cassette 
subcloned in pBluescriptO KS(-) was then transterred into the SK-coniaining vector, 
pSKMG400 , in order to fuse it in-frame with the SK ORF utilising the commdn Bsm I site. 
For cloning the SK-FBD(l-2) hybrid cassette into pSKMG400 vector, both vector and insiert 
DNAs were first digested with BamHI. Roughly 2ug of the pBluescript^FBD( l ,2) and 4 ug 
of the pSKMG400 were digested with 8 units each of the BamHI etU^e in a -30 ul reaction 
utili2dng buffer D of Promega. The tubes were incubated at 37 ^'C for 6 h. A amall aliquot 
was run on a 0,7 % agarose gel to check for the digestion. After canfinnihg completion of 
digestion, the reaction was stopped by adding 0,1 volume of 100 mM.EDTA. The digested 
samples were loaded onto 0.8 % agarose gel and the desired fragcnetits wer^ ciit put as 
agarose blocks. The DNA was extracted by treatment witfi beta-agarase as detailed befoit^, 
and quantitated. Ligation reaction was set up between double^igested vector and the 
fragment containing the SK-FBD(1,2) cassette using ^200 ng of the vector and 30 nglof the 
fragment. 4 ul of the ligase buffer, 4 ul of 10 mM rATP, and -600 Weiss unitig of ligase in a 
total volume of 40 ul. The ligation reaction was incubated at 16 *C for 12 h. The ligase was 
inactivated by heating the tube at 70 ""C for 10 rain then the ligated DNA: was. precipitated 
using n-butanoU air-^dried and dissolved in a small volume of sterile distilled vi^er. For Che 
transformation step, approx. 100 ng of the ligated DNA was Xised to transform E. co/f XL-1 
Blue electrocompetent cells which were plated on LB-Amp plates. Five colpmes were picked 
up and used for plasmid minipreparations. The plasmid DNAs were digested with Afl II and 
Eco47 m restriction enzymes separately, pBluescript FBD(1,2) and pSkMG400 vectors 
digested with the same enzymes were kept as controls. The digestion mixtures, were run on a 
0.7% agarose gel along with double-digested controls. Two clones showed linearizaition 
upon Eco47 III digestion. The pBluescript FBD(!1,2) control also iaihowed linearizatiCHi with 
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Eco 47 m digestion, ^fecpected However, the positive clones: higjiter tnolbcqlar dze 

due to tiie presence of SK. The pSKMG400 did not show any digestion with Etp 47 HI 
mzym&. The positive clones also gave out an insert upon Aflll digesticrn. as anticipated 
from the known presence of a single Afl 11 site m SK and anodier in fhie FBE((1,2) segment. 

For the expression of the hybrid SK-FBD(l^) polypeptide, the Bsm W4oli I fragriJLetit from 
pSKMG400-FBD(l,2) was transfetied into pET23(d)SK-NTTl at tibe same sites (see Fig. 
19a). Approximately 10 ug of pSKMG400-FBD(i;2) plasmid DNA was idigested witb IS U 
of Not I enzyme in NEB-3 buffer supplemeated with IX BSA by incubating at 37 *C for 6 h 
in a 60-ul reaction. A second addition of Nor I en^me was again znad^ and the reaction 
mixture was fiather incubated for another 6 h, A small aliquot was removed to check for the 
completion digestion by running an agarose gel. After the NotI digestion, the DNA was 
precipitated with ethanol and sod. acetate (0,3 M), redissolved in 20 ul of dist. water and 
digested with 20 U of BsmI enzyme in NEB-2 buffer in a 80*ul reaction \^t 65 X for 14 h 
after overlaying the reaction mixture with SO ul of nnneral oil to avoid evaporation. Similarly, 
in parallel, approx. 5 ug of the vector (pET23(d)SK-NTR) was double-digested with 20 U of 
Not I and 15 U of BsmI en2ymes, sequentially. The linearized vector, and iQS43rt were isolated 
by running a 1% agarose gel and loading the above-mentioned digestion hiixture^ in well^ 
separated weIls.The vector and insen bands were cut out from the agarose ^gel using a clean 
scalpel and the respective DNA fragments were purified, quantitated spectj%>ph<^merbicaily 
and ligated at a molar ratio of 1 ;5 of vector, insert . Approximately 600 ng of the Bsml/NotI 
double-digested vector was Ugated with around 250 ng of the Bsml^otl doubie^ligested 
insert in a 20-u] reaction by adding 600 Weiss units of ligase (NEB) and 2 ul of 10 X Ugase 
buffer (also of New England biolabs. Inc.) and incubating for 14 h at 16 °C. ] The ligation mix 
was then heat-inactivated at 70 *'C and 15 min, and the DNA was n-butanolprecipitated, air^ 
dried, dissolved in 20 uL of sterile water and approx. one-thirds direcfly used to electropprate 
E. coli XL-1 Blue electrocompetent cells. The transformants were selected on: LB-Amp 
plates. Ten transformants were picked up and inocxilated into freish LB-Amp for plasmid 
minipreparation. The miniprep DNAs were digested with BsmI and NotI eniyme atlbitgwith 
pSKMG400-FBD(V»2) as control. Three clones were positive In terms of liberating an insert 
equal in size to that of the insert liberated from pSKMG400-FBD(l;2).Oneipf the clones was 
then sequenced to confirm the nucleotide sequence of the SK-FBD gene (see Fi^. 19b) and 
designated pET23(d)SK-NTR-FBD(l,2). This has been deposited with MTGC under 
accession No. BPL 0014. The plasmid DNA for this clone was transformed, into coli BL- 
21 strain, grown in liquid culture and induced for the expression of SK-iFBD(lj2) hybrid 
protein with IPTG, as descibod earlier. Cells from l.S ul of the induced culture were pelleted 
down by centrifugation and were lysed in 100 ul modified SDS-PAGE sample buffer ; 
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approx. 25 ul lysatcAngwith that from ceUs harbouring pET2^^K->rrit as contrbl was 
analysed on 10% SDS-PAGE gel. In parallel, cultures were also grown whore IPTO addition 
was omitted (uninduced controls) and siipilarly analysed alongwith induced cultures by SDS- 
PAGE. The gels showed distinct bands of 57 kD in the IPTG-induced cuttores . (roii^y 
representing 20 % of the soluble protein fraction) indicating that the hybrid SK^BlKia) 
fusion protein had been expressed at high levels intraceUularly, In llic case of 
pET23(d)SK-NTR harboring cultures, a major band corresponding to 47 IcD; tiie positipn of 
native SK was observed- 

E^mpleS. In-frame fusion of DNA segments encoding FBD(4,5) at the N4terimaM md of 



the open-reading-frame encoding for SK, and cloning and ejqjressibn : of :the 
polynucleotide-construct FBD(4,5>SK in £. coti. 



hybrid 



The construction of the FBD(4,5>SK hybrid polynucleotide DNA was accomplished by ! the 
splicing overlap extension (SOE) method, a procedure in which two (or more) ; DNA 
fragments are joined together employing PCR , without using either DNA scission or Higatipn 
(in this context, reference may be made to the following publications: Hotton, JLM., riirat, 
H.D., Ho, S.N-, Pullen, J.K., and Pease, L.R., 1989, Gene 77:61). The two fragments to be 
joined by SOE need to have mutually complementary sequeiices ait their respective 
junctions where the joining is to take place so as to form an 'overlap' (see Fig. 20), These 
regions of complementarity can be engineered into the two DNA fragments, or 'blocks', to be 
joined (in the present case, the SK and FBD sequences) thrbugji separate PCRs each 
employing primers specially designed for this purpose. These two PCR-generated blocks 
are then used in the overlap extension reaction, in a third PCR, uiierein the comjplemeDit^ 
strands hybridize partially at their 3'-ends through the regions of mutual compleme^t^ty 
after stt-and separation (denaturation) and reannealing. Thus, the^e two DNA strands act as 
meg^ffimers on each other, and in the presence of thermostable DNA potymer^e» the 3!- 
ends of this intermediate are extended to form the full-length (te, fused) segment, which 
may then be further amplified using the flanking primers derived from the first two PCRs 
used to generate the two DNA blocks. The FBD-SK polynucleotide fusions were madie using 
four synthetic oligonucleotide PCR primers viz., KRG-8, KRG-9, KRG-ll and KRG-12 
whose sequences and design are described below (see also Fig. 19 for the overall scheme 
followed for the construction of the chimeric gene^ionstruct), 
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y pstream PC ^ -T p^mer KRG-8: 

Transglutaxnate recognition site 

150 152 : 154 

5'.CC-ATG- GTG-CAA-CK:A-CAA-CAG-ATT-GTA-(rrr-ATArr^T-GAq-AAG-TQ^^ 



PaxtidJ "Nco I 
sit6 



hybridizes to bogining of FBp(4:^ sftgmeirt' 
(codon numbers of FBD tore abo>Vn aS pcriFifi, ^ 



nownstream PCR-^I DrimcrKRG-9: 

sequence coroplementaiy to 
codons 1-5 of SK (No/s indicated 
below) 



5'- CTC-AGG-TCC-AGC-AAT -ACfrAAC-ATC^GGT-QAA-GGG-QPC^AGA^T-a' 

5 4 3 2 1 259 257 255 253 

sequence hybridi^iag with end of FBD(5) augment (>lQ/a 
indicated 

are codOQS. a9 per Fig. 6). 

Upstream PCR-II primer. KRG-l 1 

FBD(5) sequaice. as ovcfhang; sequence hybridizmg with SK gene; oodphNo.B 

Codon numbers (cf. Fig. 6) (Cf Fig. 3) are indicared. 

are indicated 



5'-TTC-ACC-GAT-GTT-CGT - ATT-GCT-G0A-CCT-GA0-TGG-CTG^tA-.qAC-3' = 

255 257 259 1 3 5 7 . 9; = . 

Upstream PCR-n primer . KRG-12 

5'-TGG-TTT-TGA-TTT-TGG-ACT-TAA-GCC-TTG-3' 
62 60 58 56 54 

Note: sequence hybridizing -with SK gene (codon No.'s are indicated; 

see Fig, 3) 

As can be seen above, the iipstream primer, KRG-8, was homologous to the the begtnbg 18 
nucleotides of the 'anticoding* strand of the FBI>4 encoding DH^A and also earned at its 5' 
end non-hybridi2dng DNA sequences that encoded for a Nco I site (to feciiitate the 'docking' 
of the SOE product into the Nco I site of the expression vector, thus recreating the ORF for 
the FBD(4,5)-SK fusion sequences). The upstream primer also contained sequence coding 
for a transglutaminase cross-linking site. The downstream prianer KRG-9 was designed to 
hybridize with the end of the FBD(5) DNA sequence, but also contained at iU S' non^ 
hybridising end, nucleotides complementary to the first 5 codons of the QRF encoding 
mature S. equisimilis SK (sec Fig. 6). The template used for the first PCP: to obtain Blbck I 
(see Fig. 20) was FBD(4.5) cloned in pBlueScript [pSKMG400-FBD(4,5)]. The first PGR 
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aijI^ll^Lic 



(tetmed PCR-I) was oHed out using approx. 20 Dg template aiul^^nol; of i^achipriinjBr in 
a 100 uL-reaction using the buffer provided by Stratagene Inc., the: suppliiir of the pfii 
thermostable polymerase. The PGR employed 25 cycles with the following conditions: 94 ''C 
for 45 sec (denaturation step) followed by SO for 1 min (annealing step), and 72 C for 1 
min (extension step). This was followed by an incubation for 4 min at 12 °C for exteiisi^ of 
any incomplete chains. The PGR resulted in the generation of a single; specie$ of DNA, in 
accordance with the size expected from the Aision construct (368 bp), as observed by agarose 
gel electrophoresis; this DNA species was isolated from the gel as a sm:aU ag^bse hlbck, and 
subjected to further purification using the agarase treatment method, described earlier. 

For obtaining the DNA Block 11 for the SOE reaction, only the region of the- 5K-ehcbding 
polynucleotide DNA corresponding to nucleotide 1 to 1 86 (approx.. coifrespjonding to the 
first 63 amino acid residues of SK; see Fig. 3) was amplified using pSKMCMOP as template 
in PGR n, using the primer set KRG 11 (upstream primer) and KRp 12' (downstream 
primer). This region encompasses the unique Afl II site in the SK genb (see Figv 4)/ The 
upstream primer contained non<^hybridizing bases that were homologous to the last five 
codons of the FBD(5) -encoding DNA (viz., codohs 2SS-2S9), followed by a stretch of bases 
hybridizing to the first 27 bases of the anti-sense stiand of the SK-encoding QRl* (see Fig. 3). 
The downstream primer contained sequences hybridizing with the stretch of DNA encoding 
for residues 55-63 of SK containing the Afl H restriction site so that the SOE product colild 
be docked back into the full-length SK-encoding polynucleotide segment contained in the: 
vector used for the expression of the hybrid gene(see Fig. 21a). The PCBL wias camfed out 
essentially as described for PGR I« above, except that 90 ng of template wa& claosea arid the 
cycling conditions selected had a lower annealiiig temp. (43 ^C) dictated by a relatively 
lowered Tm of one of the primers. The PGR gave a single DNA band of the expected size 
(201 bp) on agarose gel electrophoresis, which was isolated and purifie^I as for PGR I product 
(Block I). Splice overlap extension reaction (PGR III) was then carried out to obtain the 
hybrid DNA between the FBD and SK ORFs. In this reaction, approx. equivalent amounts of 
the purified DNAs from PGR I and PGR 11 were mixed together (representing approx; one- 
fifteenth of the amplified DNA obtained from PCRs I and 11) in a 100- iiL rieactipn. To bring 
about optimal and specific annealing between the hybridizing areas of the two partially 
complementary strands from the FBD(4,S) and SK 1-63 DNA blocks (see Fig: 20) (Phase 1), 
the reaction was first carried out in the absence of any other primers, uising pfu DNA 
polymerase and the buffer specified by its si:^plier, employing the following conditions: 98 
°C for 2 min, slow temperature decrease (i.e. Vamp' of 4 min) to 50 maintainance at 50 **C 
for 1 min, followed by 3 min at 65 ''G. A Tiot start' was used for the initiatipn of ttierPGR (i:e. 
the DNA polymerase was added into the reaction after all other components had been addied 
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and thermally eqaulibiMR to the highest temperature in the cyclej^^btal of 10 cycjes were 
carried out first (Phase I), to allow formation of overlapped extended piroduct&i In the siecond 
phase, primers KRG 8 and KRG 12 were added under hot start conditions, and another 2S 
cycles were given at the following cycling conditions: 94 °C for 1 mlu (denaturatipn step); 40 
°C for 1 min (annealing), followed by extension at 72 °C for 1 min to ampilify the f^ion 
products. Finally, after 10 min at 72 °C, an aliquot from the PCR weis analyst 1?^ agarose 
gel electrophoresis. It showed the clean appearance of the expected hybrid product (539 bp) 
with the absence of any other background bands. Tias was isolated from, the agarose , gel, : 
purified and then kinased with T4 phage polynucleotide kinase by standard prptbcols: The 
kinased (i-e. 5'-phosphorylated) product was then blunt-end cloned ait the Fxo RV site of 
pBlueScript. Clones containing the SOB product were selected by restriction ei^zyme 
digestion to isolate the inserts and measuring their size by agarose gel eloctrophoriesis; T^o 
positive clones were then sequenced to confirm the identity of their: DNA inserts ;^ well as 
the absence of any mutauons(see Fig21b). After Nco I and Afl II digestion of 6m of these 
two clones, the Nco I-Afl II fi^gment carrying the FBD4(,SVSK 'hybrid polyiiucleptidfi 
cassette' was ligated with Nco I-Afl U digested SK-expression plasmid (ppT{234)-SR) aad 
transformation of £. eoli XL-Blue cells was carried out to obtain the hybrid FBp(4,5)-SK 
ORF in this vector (Fig. 21a). The resultant plasmid pET23(d)-FBD(4,5>;SK: has fceeh 
deposited with MTCC xinder accession No, BPL 0015, This plasndd tohstniict was 
transformed into E. coH BL-21 cells to monitor expression of the hybrid FBD^SJi^ conistmct 
froih the T7 RNA polymerase promoter-based vector, as described before. The SD&'PAGE: 
gels showed the expression intracellularly of a protein with the expected MW (approx. 57 
kD) at a level of around 20 percent of total intracellular^ soluble proteins. 

Example 6. In-£rame fusion of DNA segments encoding for FBD segments 4 and 5 at boi 
the ends of the DNA ORF encoding for SK, and cloning and expression of the hybrid 
polynucleotide-construct so formed, FBD(4,5)-SK-FBD(4,5), in ca/^^^ 

The steps involved in the construction of a SK-lFBD polynucleotide hybrid v^reiri the 
FBDC4,5) domains were fused in*fi-ame simultaneously at both ends (i.e. the and C- 
termini) of the SK-encoding ORF [i.e. FBD(4,5)-SK-FBD(4,5)] are shown scheiriaticalty in 
Fig. 22a. It is based on the cloning of the FBD(4;5)-SK(l-57 residues) cassette obtained from 
pBlueScript-FBD(4,5)-SK vector, described in Example 5 (above) into pET-<23d)Sk" 
FBD(4,5) at the begining of the ORF for SK. Approximately 5 ug each of pET([23 d)SK- 
FBD(4,5) and pBlueScriptFBD(4,5)-SK plasmid DNA were digested with Afl n and Nco 1 
restriction endonucleases and the digests v^re electrophoresed on 1.2 % agarose gels 
alongwith standard DNA size markers by standard methods. In each case, two fragments 
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were observed, cot^l^onding to the vector DNAs (expected jllfPfoi2 bp) devoid bf lfae 
Nco I-Afl n fragment, and the latter fragment [approx. 520 bp in ca$e of 
pBIueScriptFBD(4,5)-SK and 140 bp in case of pET^;23d)SK-FBD(4,5)] released from it& 
parent vectors as a result of the double-digestion (see Fig, 22a showing the AB. 11 ah^.N^IP ^ 
sites in the two vectors). The Ncol-Afl 11 fragment from pBIueScript FBD(4,5i)-i5K, 
containing the FBD(4,5)-SK(l-57 residties) cassette, to be used as insert, and the Nccl-Afltl 
digested vector DNA from pET-(23d)SK-FBD(4,S) were isolated from the agarose ^cl and 
purified. Both fragments were then subjected to ligation using T4 DNA ligase under standard 
conditions using a molar ratio of 1:2 of vector to insen DNA. The ligation mixture\wias then 
transformed into electro-competent E. coli XL-1 Blue cells. Positive clonias^ with botl^ ends 
of SK fused with the FBD(4,S) doinains, were selected on the basis of differende In 
the parent vectors, as well as their ability to yield the expected fragment (contathing FBD 
sequences at both ends of the insert) after digestion with Nco I and Bam HI enzymes (see 
Fig. 22a). The veracity of the constructs was then established by isubjectin(g otie bf the 
selected clones to automated DNA sequencing using Sanger's di^deoxy method to sequence 
the entire hybrid ORF (see Fig22b). This demonstrated that the construct had the expiected 
design and sequence, with one 'set' of FBD4,S domain fused at the begining of the SKt 
encoding polynucleoiide, and another at its end (i.e. after DNA encoding for residue .383). 
This plasmid construct has been designated pET23(d)FBD(4,5)-SK-FBD(43)]i and 
deposited with MTCC (Accession No, BPL 0016 in host E. coli XL-Blue), It was also . Used 
to transform E, coli strain BL-21 electro-competent cells, in order to express the! FBD^SK- 
FBD hybrid constuct intracellularly in E. coli, The hybrid gene was then expressed in £. coli 
intracellularly after induction with IPTG exactly as described earlier; and the cell ilysates 
analysed by SDS-PAGE, These showed the expriession of a polypeptide of approx; MW. 65 
kD as expected from the incorporation of the two FBD segments at each ends, of :the '$K (I^ 
383) gene. The level of expression of this protein was observed to be approx; 20-25 pc^rceht 
of the total soluble protein fraction. 

Example 7* Purification of various chimeric constructs formed between sk and FBDs after 
expression in E. coli and refolding, and testing of their affinity for human fibrin. ; . 

Fifty ml LB-Amp (containing 100 ug/ml of ampiciUin per ml) were seeded with £. cells 
harbouring either pET23(d)-SKFBD(4,S). pET23(d)-SKFBD(l,2), pET«23(d)FBn(4,S)-SK 
or pET23(d)-FBD(4,5)-SK-FBD(4,5) plasmid constructs in separate flasks (150 ml capacity). 
The inoculation was done from the respective glycerol stocks, and the culture waa incubated 
at 37 ^'C for 12 h on a rotary shaker (200 r.pjn.). This pre-inoculum was used to seqd ifresh 
LB^amp at 5 % (v/v) level (one litre total for each type ofE. coli BL-21 cells harjbiouring one 
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of the different plasm^H^onstructs described above with SOO ml j^^Ln per 2 liter cpnieal 
flask ), and the cultures shaken as above at 37 °C for approx. 2 h 30 xnin« which time the 
OD600 of the cultures had reached a value of 1.0-1.1. The expression of iho Chiineric 
SK/FBD polypeptides in the cultures were then induced by the addition of IPTG lo 1 mMj 
and continuing further the incubation for another 3 h. Cells from aU four cultures were then 
harvested by high-speed centrifugation (8000 g x 30 min) at 4 °C, and wa^ed once with 500 
ml cold ST bufifer (pH 7.5). Finally, each cell pellet was suspended in cold 25 ml ST bu£f^, 
pH 8,0. TTic wet-weight of the pellets obtained from I liter cultures varied between 4.$-4.5 
Each cell-suspension was then subjected to ultra-sonication to effect cell-lysis using standaird 
methods. The lysates so obtained (approx. 28 ml each) were subjected to high-speed 
centrifugation at 4 °C to pellet any unlysed cells and/or cell debris. The protein: cone, in the 
supematants varied between 15,0 to 16,0 mg/mL These were then diluted to a final protein of 
1 mg/ml using distilled water» together with thie addition of the following additional 
components (final concentrations in the diluted mix are given): Tris-Cl, pH S.O, SO inM; 
NaCl 150 mM; EDTA 1 mM; mixture of reduced and oxidized glutathione 123:50 mg. To 
these refolding mixtures (approx. 400 ml each) were then added 30 ml (packed volume) of 
fibrin-Sepharose beads pre-equilibrated with 50 mM Tris-Cl, pH 8.0, The mixtures were 
stirred at 22 **C for 16 h to effect reoxidation/refolding. The solt^ons were then passed 
through 50 ml-volume axial glass columns fitted with fritted^ glass disks (to retain the 
Sepharose-beads). The packed fibrin-Sepharose beds were then washed with approx. 170 ml 
binding buffer (50 mM tris-Cl, pH 8,0, and 150 mM NaCl), followed by 100 ml of 2 M urea 
(in binding buffer), and finally the fibrin-bound protein was eluted with 6 M urea (in binding 
buffer). AU the washing/elution steps were carried out at a flow rate of --30 ml/h ysiiig a 
peristaltic pump assembly. The chromatographic profile in case of SK-FB0(4.S): fibrin- 
Sepharose affinity purification, and analysis of the different fi-actions, «tre shown on Fig. 23, 
Similar results were obtained in case of the other SK-FBD constructs, A total of 3,8 mg of 
protein was eluted alongwith the 6 M urea-wash in the case of SK-FBD(4,S)i \)^4iereas for 
SK^FBD(l^) approx. 4 mg, for FBD(4,5)-SK 3,5 mg, and for FBD(4,5)-SK-FBD(4,5) 6.2 
mg of protein was obtained at (he 6 M urea elution step. In case of the SK conti-ol, no pxoteijv 
was found to elute alongwith the 6 M urea* The removal of the urea, and concentration of 
the protein, was effected by ultrafiltration through 10 kD cutniff membranes. Aliqupts of 
each of the four fibrin-specific SK-FBD chimeric products were then sut^ected to SDS- 
PAGE analysis on 10 percent acrylamide gels with and without reduction with bet^- 
mercaptoethanol to determine their relative . purities as well as monomeric/polymeric 
character. Standard molecular weight marker proteins as well as pure native SK from S. 
equisimilis were also run on the same gels. The SDS-PAGE analysis, either in the p|-esence or 
absence of reducing agent, showed all of the fibrin<-Sepharose elmed chimeric |xroduct to be 
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essentially pure and SRomeric; in all cases, a single prominent Sm^tained wittii Cootnassie 
Blue and very few faint background bands were Arisiblc (not more than 2-5 % cumulatively). 
The MWs of the refolded proteins were completely in accord with those expected: from 
theoretical considerations i.e. extrapolated from the MW of individual dc^nains of FBD, the 
SK portion, and linker sequence, if present. The SK-FBD(4,S) and SK-FBb( 1,2) "bands 
moved with the same mobility on SDS-PAGE> with an apparent MW of aroiind 55 kD; 
however^ the FBD-(4,5)-SK construct showed a slightly lowered mobiHt/ as comp^ed to 
either SK-FBD(4,5) or SK"FBD(1,2). This was in accord with the fact that wher^las the 
former two hybrid constructs contained approx. 31 amino acid residues' deletion at the C- 
terminal end of the SK moeity of the hybrid, the FBD(4,S)-SK construct had fidl-length: SK 
integrated in its design (see Examples, above). The FBD(4,5)-SK-FBI>(4,5) coiistruct, 
containing four FBDs alongwith SK, moved with a MW cozresponding: to 60 kD on SDS- 
PAGE. In the absence of beta-mercaptoethanol, the MW*s calculated for all four hybrids 
were approximately the same as observed in the presence of beta-mercapto$tbano1» indif ating 
that the constructs obtained after refolding and binding with fibrin^Sepharose coritained 
essentially monoraeric forms of the polypeptides. 

The specific activities of the purified proteins for PG activation, as determined by the 
chromogenic assay were; 2.2 x 10* l.U./mg for SK-FBD(4,5), 1.8 x 10* tU7mg for SK- 
FBD(UX 4 X 104 l.U./mg in case of FBD(4,5)-SK and 5 x 102 LU./mg for FBD(4^S>-SK- 
FBD(4,5), respectively* Under the same conditions, native S. equisimilis SK^ or SK;purilied 
fron £. coH (Met-SK) as described in Example 2, above, showed a much hi^er activity (-1 .0 
X 10^ l.U./mg). The reason for the apparently lowered specific activities hx case of the 
chimeric proteins was revealed when these were assayed by a sihgle^pbase, continuous 
spectrophotometric assay by directly determining their rates (slopes) for HPQ activation by 
standard methods (Wohl, ILC, Suromaria, L., and Robbins, K.C., 1980, j; BioL Chem. 
255:2005 ). These assays revealed that <w4iereas native SK or E. co/i-expressed Met-rSK did 
not display an appreciable lag in the progress curves obtained for the PG activation ructions 
(less than 1 min), all of the hybrid proteins displayed significant initial periods in their PG 
activation profiles (varying from 7 to 25 min depending on the construct) wherein tittle or no 
plasmin formation occured. However^ after the initial lags, the PG activatrort proceeded with 
a high rate, generating slopes closely similar to those obtained with native SK (see below). 

Examples. Functional characterization of the chimeric proteins in terms of their altered 
kinetics of plasminogen activation and fibrin clot dissolution. 
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The proteins preparesHrExainple 7, above» as well as native an^^^SK (as ccitUxqls) were 
examined with respect to their PG activation kinetics. This essentially entailed i£he study of 
the time-course of PG activation by the varioiis SK^BD chimerfis iand the detenminaiion of 
ttieir steady-state kinetic constants for PG activation. A one-stage ass^y j^iettibd \yas uiied to 
measure the activation of HPG ; reference in this context may be made to several publiciatiohs 
in the Htemture e.g., Shi, G.Y., Chang, B.L, Chen, S.M., Wu, D,H. and WU^ Hlh., ]994, 
Biochem. J. 304:235; Wu, H.L., Shi, G.Y., and Bender, M.L., 19&7, i'roc. Natl Acad. Set 
84: 8292; Wohl, R.C., Summaria, L., and Robhmfi, K,C., 1980, J! Biol ChenL 255:2005; 
Nihalani, D., Raghava, G.P.S., Sahni, G., 1997, Prot. Set 6:1284 ), Sriefly, it involved the 
addition of the activator proteins to be smdied in a small aliquot ('-5 ul) into IQO nWoliime 
microcuvette containing 1 uM of HPG in assay buffer (50 mM TriS'CI buffer, pB 7-5r 
containing 0.5 mM chromogenic peptide substrate and 0.1 M NaCl). The proti^in aliquots 
were added after addition of all other components into the cuvette and boinging the 
spectrophotometric absorbance to zero. The change in absorbance at 405 nin was tlien 
measured as a function of time in a Shimadzu yV-160 model spectrpphototneter (Fig.). 
While SK showed a rapid PG activation kinetics, the kinetics for SK-FBD chimeric protean 
[shown for SK^FBD(4,5) in Fig, ] displayed a chamcteristic lag, or delay, in the initial phase 
of the rate of PG activation that was clearly dffierent from the rates seen with SK, This 
property viz., initial delay in HPG activation, as well as its magnitude, was Isdrgoly 
independent of the amount of the chimeric protein employed in the assay, as well a^ the 
concentration of HPG in the reaction. Another notable feature was that tHie lag^^mes 
associated with the different chimeric proteins und^ the same conditions. In the::case of SKr 
FBD( 1 ,2) and SK-FBD(4,S) the lag period corresponded to 10-12 miin, for FBr)(4,5)-SK 7-8 
min, and 20-25 min in case of FBD(4,5)-SK-FBD(4.5). Under the same conditions (-1 uM 
HPG, 1-2 nM of protein), native SK or Met-SK displayed very little lag period (ie^ le$s 
than 1 min duration) during PG activation. 

The mechanism of the initial lag in the various SK-FBD chimera^ was investigated by 
examining the SDS-PAGE profiles of various aliquots withdiuwn from plaamiiiogeB 
activation reactions withdrawn at different time-intervals after the mixing of SK or Sld-FBD 
chimeric protein with human PG. These showed that the appearance of rapid PG activation 
following the lag period closely coincided with the cleavage of the PBD portion from the rest 
of the molecule (SK portion] as evidenced by a reduction of the molecular weight of the 
hybrid. That the proteolysis was mediated by trace amounts of plasmin in the aystem was 
evident by the observation that either removal of trace plasmin by passage of the hutnan PG 
through soybean trypsin inhibitor agarose (a material that selectively binds plasmin and does 
not bind plasminogen) led to very high periods of lag for all of the hybrid pr6tein^[ viz.j from 
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10-12 min to approx .^niin for SK-FBD (U) , Sk-FBD(4,5, J^^(4,5)-SK; td approx 
35 min for FBD(4,5)'SK-FBD(4,5) from an initial value of approx, 20 min], Alt<aaativeiy, 
tiie addition of small quantities of jn^fonned human plasmin into tbe PO adtivatiQU^re^ctions 
(made by the conversion of PG to plasmin with agarbse^immobtlia^: uttkkinasc) . 
considerably enhanced the lag periods associated with the difierant SKi^t^BD chimenas. 

To determine the steady-state kinetic parameters for HPG activatibn of the activated forxils of 
the hybrids, fixed amounts of SK or SK-FBD chimeric protein (1 nMV were aiddied to the 
assay buffer containing various concentrations of HPG (ranging from 6.035 to 2X) ^uM)^ ih the 
100 uL assay micro-cuvette as desribed above. The change in ab^prbance (reperesentihg 
velocity, v) was then measured spectrophotometrically at 405 nM for a period of 3& trdn at 22 
X, AH determinations were done in triplicates and their averages taken for anidysds. The 
kinetic parameters for HPG activation were then calculated (using th^ linear portion of the 
progress curves) from inverse, Lineweaver-Butke plots using standaid pt^cedur^ (WoM, 
KC, Summaria, L,, and Robbins, 1980., J, Biol Chem. 25$: 2005), wherein th^^ lA; 

value is plotted on the ordinate axis and 1/S value is plotted on the abscissa, S represedting 
the (varying) concentration of substrate (HPG) employed for the reaction/s, From &iese:plots, 
the Kin for HPG (Kpig) and maximal velocities (at saturating HPG concehtratiioras) were 
determined (set forth in the following Table). 



These data clearly shov^^ that once fully activated after completion of the imtial laigi all the 
chimeric constructs became significantly active in terms of their PQ acttvatioa abilities in 
comparison to SK,. 
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Table, Steady-stale kinetic parameters for RPG activation by SK akid SK*BBD hybrid 
protons* 



Activator kplg Maximal activity^ Lag 

protein (uM) (tpin) 

nSK O.14±_0.02 lOOia 1^ 

Met-SK 0.18±0-01 95-5± 5 2,0 

SK-FBD(4,5) 0.l5j^0.02 52di4 10,0 

SK-FBD(l^) 0.18 i_ o:03 S&±_5^ 10,5 : : 

FBD(4,5)-SK 0.16 ±.0,02 65 ±.4 8,0 

FBD(4,5)-SK-FBD(4,S) 0,20 ±.0.03 45^4 18.0 ; 

^The parazneters were calculated from the linear phases of the reaction progress ci^n^e? &&Br 

the abolishment of the lag phases. ^E^qxressed relative to the activjt^^ of native SK gnt^ 
y/repwcocdrwy (ATCC 12449), taken as 100 percent 

In a separate series of e3q)erinients, the rates of proteolytic dissoli^on pf ladiolabelleid fihtin 
clots m vitro was examined to test whether, like native SK, the SK-FBI> chimeric proteihs . 
could also efficiently break down fibrin to soluble products, a fundament^ brolbgicat 
property of all thrombolytic agents, and also to examine if the altered PG activation kinetics 
observ^ed with synihedc peptide substrate, described above (i.e. slow initial rates, followed 
by rates close to those observed for native SK) were also reflected at the. level of clot lysis! 

Radioactive fibrin clots were first prepared by mixing 400 ul of cold fihrinogeti (2^5 mg/ml 

125 S 
Stock) with 50 ul of ^'^"^I-labelled fibrinogen containing 9X10 cpm; (specific activity 7»2 

X 10^ cpm/ug protein) and adding to a solution (150 ul) containing 100 ug HPG and 6.25 
N.I,H. units of thrombin (Sigma): All solutions were made in 0. 1 M citrate pboisphate buffer, 
pH 7.S, containing 0.8 percent BSA (BSA-citrate buffer). The final volume of the clotting 
reaction was adjusted to a total volume of 1 ml with BSA^itrate buffer: The clot was 
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formed by incubatir^l^e mixture in a glass tube at 37 X fc^j^jlan^ The clot was then 
washed thzice with 2 ml of TNT buffer (SO mM Tris-Cl buffer, pH 7,5, contaming 38 mM 
NaCl and 0.01 percent Tween-80) for 3 min at 37 When required, non-rBdioaictiivi& fibria 

• liZ'S 

clots were prepared exactly as described above but omitting the inclusion of t'^tabelled 
fibrinogen from the clotting mixture^ The effect of the thrombolytic agent (native SK or SIC- 
FBD hybrid) was then studied in terms of release of radioactivity from the! clot kfcpt either in 
a plasma milieau or in presence of excess human fibrinogen as described belbWv 

Clot lysis of pre-formed fibrin clots suspended in human plasma was carried oin by 
suspending ^^^^I-labelled and extensively wa^ed clots in 2 ml citrated hiKQant {>]asma^ 
prewarmed at 37 °C, and adding difierent amounts of either SK or a given SK-PBD hybrid 

protein. The reaction tubes were rotated slowly at 37 in a water bath atid 0. 1 ml aliquot^ 

of the soluble fraction were removed at regular intervals to mea^ui^ the I^fibrin 
degradation products released by measuring the amount of radioactivity using a gamma 
coimter. The total radioactivity in each clot was determined by measuring the tadi^ctivity of 
die respective tube before withdrawing any aliquot prior to the addition of thrombolytic 
agent. A comparison of the dissolution kinetics of radio-labelled fibrin dots by native SK 
and the various SK-FBD chimeric proteins in plasma milieau also clearly showed that the lag 
displayed by the latter during the PG activation assays was essentially preiserved'diiriiig clpi 
lysis also. While SK caused relatively rapid dissolution of the fibxin and a plateauihg /of the 
dissolution reaction at or around 15 min, a prolonged lag in the case of the SK-FBb(4,5) 
hybrid protein (approx. 10 min) was evident at the same protein conoeutratibh. (tiepresentdtive 
data for these two proteins are shown in Fig. 24). In the case of the other hybridsii |he lag- 
times in plasma were essentially as seen with PG activation assays viz., l<) min for SKr 
FBD(l,2), 8 mm for FBD(4,5)-SK, and 18 min for FBD(4,5)-SK-FBD(4,S). 

Clot lysis in the presence of an excess of human fibrinogen wis also carried put by 
measuring the rate of dissolution of radio-labelled fibrin clot by SK oir SK-KBD protiiti in the 
presence of various concentrations of human fibrinogen (1-4 mg/ml) and 100 dM of either 
SK or SK-FBD hybrid protein. Clot lysis was also performed in the presemde of fixed 
fibrinogen concentration (2 mg/ml) but employing different concentmddns of SK /SK- 
FBD protein (ranging from 50 to 200 nM). The reactions were incubated at !37 ''C in a! water 

bath with gentle shaking, and the release of I-fibrin degradation products a^ a function of 
time was measured in the supernatant, as described above. All of the hybrid proteins were 
able, like SK, to dissolve the fibrin clots in a dose-dopendent maxiner; however, there was a 
distinct lag in the case of the SK-FBD hybrids closely similar to that seen with clot lysis in 
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h^^g period varied with construct design vi;liH^a 



plasma jtiilieau. TnHPg period varied with construct design viz|||Pase of SK an absence of 
any appreciable lag was observed (less than 2 toin). The lag times for SK-FBD(4i5);and SK- 
FBD(U2) were 10-11 nrin; for FBD(4.5)-SK 7-8 min; and 18-20 niin for FBD(4.5)-SK- 
FBD(4,5). 

Advantages of the inventfoii: 

The advantage of the present invention lies in its disclosure of the design of strtivturally 
defined SK-FBD chimeric polynucleotide DNAs in which the Craiislatiozi^ in^franie liision 
of the DNTAs encoding SK, or its modified forms, and those for tte niinimaiUy essential 
human Fibronectin gene that are capable of possessing significant fibrin affinity on their 
own, such as those FBDs that possess independent fibrin binding capiability (e.g., "finger" 
domains 4 and S of hiunan fibronectin) has been carried out in suth a manner thai the 
polypeptide/s expressed from these polynucleotide constructs possess fibrin affinity (which 
SK, on its own, does not possess) together with a delayed PG activation kinetics (unlike SK 
which show an immediate activation of PO). 

The simultaneous presence of the afore-mentibned properties in the same PG ^tlvator 
confers distinct advantages into the resultant proteins. Soon aftdr injecdan into the 'body, 
whilst the chimeric PG activator proteins are still in an inactive or partially active st^t^; they: 
will bind to the pathological fibrin clot during their sojourn through the vascular systeni in an 
inactive/partially active state^ However, after an initial lag, these will become fidly activated 
in the immediate vicinity of the clot, thereby obviating the systemic PG activation coincident 
with natural SK administration. Whilst the former property would be expected to confer on 
the thrombolytic agent/s an ability to target itself to the immediate locale of the pathological 
clot and thus help build up therapeutically effective concentrations of the activator ttierein, 
the initially slowed kinetics of PG activation would result in an overall dimimshed 
generation of fi-ee plasmin in the circulation prior to their localization to the. site of circiiJatory 
impedence induced by the pathological fibrin clot The net result shall be a continued and 
more efficient fibrinolysis at the target sustained by considerably lowered therapeutically 
effective dosages of the thrombolytic agent. 
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